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I.  Preliminary  Kemarks. 

Ten  years  ago,  one  of  us  brought  before  the  Society  a 
paper1  in  which  the  behaviour  of  a  tendon  ligature  wa& 
dealt  with.  In  the  course  of  the  discussion  that  followed, 
a  promise  was  made  that  the  results  of  further  observa- 
tions on  the  same  subject  should  also  be  communicated, 
in  due  course,  to  the  Society.  The  long  delay  in  the  fulfil- 
ment of  this  promise  has  been  due  to  various  causes.  As 
a  matter  of  fact,  indeed,  all  the  results  of  the  investigation 
which  we  now  bring  forward  were  already  obtained  early 
in  1886.  The  reading  of  Messrs.  Ballance  and  Edmunds's 
paper3  before  the  Society  was  one  reason  that  deterred 
us  from  launching  our  paper  during  the  same  session. 
With  the  exception  of  a  few  notes  published  by  one  of 
us  concerning  the  organisation  of  the  clot,3  we  allowed 
the  matter  to  drop  for  the  time,  being  of  opinion  that  the 
subject  had  perhaps  been  sufficiently  under  discussion, 

i  Dent, « Med.-Chir.  Trans.,'  vol.  lxiv,  1881,  p.  231. 
5  'Med.-Chir.  Trans.,'  vol.  lxix,  1886,  p.  443. 
a  Delepine,  '  Brit.  Med.  Journal,'  1887. 


MEDIUM-SIZED  ARTERIES  AND  IN  TENDON  LIGATURES.  5 


and  fearing  that  it  might  prove  wearisome.  We  are, 
however,  so  convinced  that  some  of  our  facts  have  a 
distinct  bearing  upon  the  practice  of  ligation  of  arteries 
m  their  continuity,  that  it  does  not  seem  right  to  with- 
hold them  any  longer. 

Since  the  immediate  changes  occurring  after  ligation 
have  been  studied  and  described  by  numerous  observers 
e.  g.  Stilling,  Billroth,  Cornil,  Ranvier,  and  Shakespeare' 
as  well  as  by  many  other  old  and  recent  writers,  it  was 
not  thought  necessary  to  re-investigate  this  branch  of  the 
subject  Moreover  the  main  object  of  the  investigation 
was  not  the  study  of  the  causes  of  thrombosis 

Our  inquiry  was  directed  chiefly  to  ascertaining  the 
effects  of  a  certain  form  of  ligature  applied  tightly  to  the 
vessel.  Earlier  than  the  fifth  day  after  ligation,  little  of 
practical  utility  could  be  added  to  the  knowledge  already 

IZli  ?  ^  meth°d  WaS  a  *»d  one,  all  the 

changes  necessary  to  produce  complete  and  permanent 

weelrsUCtTheWseerec  Tf-  *  * 

weeks.    These  considerations  will  explain  the  limits  of 
tune  within  which  our  observations  extend. 


II.  Experiments. 
Nature  of  the  Experiments. 

The  femoral  arteries  of  six  sheep  were  tied  with 
chromo-earbolised  kangaroo  tendon  by  Professor  E  O 
Btataft  m  Australia,  on  September  7th,  1884 

The  Irtsheep  was  killed  5  days  after  the  operation. 

3r<*  »  13 

4th  M  17 

5fch  „  20 

6tfc  „  23 

In  every  case  the  ligature  was  fiw\.H„      a  " 
o-e  rnptnre  of  the  infernal  £££ 
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formed  with  antiseptic  precautions,  was  successful  in  all 
cases  ;  all  the  wounds  healed  without  suppuration.  After 
removal  from  the  body  the  ligatured  portion  of  the  arte- 
ries with  part  of  the  surrounding  tissues  was  placed  in 
£  per  cent,  chromic  acid  mixture,  then  in  methylated 
spirit  in  the  usual  way,  and  after  this  the  specimens  were 
sent  to  England.1 


Preparation  of  the  Specimens  examined. 

In  order  to  display  the  relations  of  their  parts,  all  the 
specimens  were  carefully  bisected  in  such  a  way  as  to  in- 
clude in  the  plan  of  section  the  constricted  part  of  the 
artery,  the  knot  of  the  ligature,  and  the  traumatic  region 
(that  is  the  line  of  the  incision  made  for  the  purpose  of 
exposing  the  vessel).    It  maybe  remarked  here  that  this 
section  was  tolerably  easy  to  carry  out  in  the  specimens 
obtained  soon  after  the  operation.    In  the  last  three, 
however,  the  difficulty  was  very  great,  owing  to  the  de- 
formity caused  by  contraction  or  other  causes,  which  had 
produced  more  or  less  marked  tortuosity  of  the  vessel. 
One  half  of  the  artery  was  kept  for  the  purpose  of 
cutting  longitudinal  sections  for  microscopical  examina- 
tion.   The  other  half  was  used  for  the  purpose  of  cutting 
transverse  sections  at  various  levels. 

It  was  found  afterwards  that  by  far  the  most  useful 
sections  were  the  longitudinal  ones,  especially  those  pass- 
ing through  the  whole  course  of  the  constricted  portion 
of  the  artery,  showing  the  knot  of  the  ligature  on  one  side. 
In  addition  to  these  two  modes  of  preparation  small  por- 
tions of  the  ends  of  the  ligatures  were  teased  separately 
in  a  few  cases. 

^of»  nf  flip  individual,  or  other  influence  of  the 

».  .«<*    "« deriTCd  *om  othcr  *ou'ce- 
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III.  Macroscopical  Appearances  op  the  Arteries  after 

Ligation.1 

1 .  Contents. 

In  all  cases  the  proximal  side  of  the  artery  is  dis- 
tended with  coagulated  blood,  modified  by  changes  which 
will  be  described  further  on.  In  one  instance  the  distal 
side  of  the  artery  also  contains  a  small  decolorised  clot 
similar  to  that  found  on  the  proximal  side.  Up  to  the 
seventeenth  day  the  proximal  side  of  the  vessel  is  larger 
in  diameter  than  the  distal  side,  which  is  much  collapsed 
and  empty  (which  means  evidently  that  this  part  of  the 
vessel  contained  fluid  blood  during  life)  •  after  the  seven- 
teenth day  the  two  segments  are  about  equal,  and  gradu- 
ally become  more  and  more  contracted. 

In  the  fifth  day's  specimen  (Fig.  1)  the  clot  is  dark,  and 
has  a  convex  oblique  surface,  extending  nearly  as  far  up  as 
the  first  collateral  branch  above  the  seat  of  ligature.  This 
main  clot,  which  fills  up  the  whole  lumen  of  the  artery  is 
capped  by  a  small  elongated  finger-like  process  of  deco- 
lorised clot,  which  is  itself  separated  from  the  walls  of  the 
artery  by  a  coarsely  fibrillated,  loose,  mottled  coagulum 
This  small  digital  clot  is  not  axial,  but  occupies  the  half 
of  the  lumen  of  the  vessel  which  is  opposite  to  the  opening 
of  the  collateral  branch.    It  also  extends  for  a  short  dis- 
tance above  the  level  of  this  opening.    It  is  evident  from 
these  appearances  that  the  thrombus  was  not  formed  all  at 
once. 

In  the  ninth  day's  specimen  (Fig.  2)  the  clot  occnpyins  the 
prexnaa!  portioil  ;       a,ler  than  ^  W  J  * 

on  tie  fiftf.  rfa°e  iS  C°BTe*<  bat  not  a°  ™«*  « 
on  the  fifth  day.    Its  colour  is  still  dark,  there  being 

w-iter,  ™re  Ly.       '  th°  C0™l'°™'>°  ot  "»'■  ™a>  'too  of  olL 
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only  a  thin  layer  of  laminated  decolorised  coagulum  on 
its  surface.  The  small  additional  clots  described  in  con- 
nection with  the  proximal  end  of  the  last  specimen  are 


Fro  1  -A  Proximal  end  of  the  artery.  B.  Distal  end  of  the  artery, 
o  First  collateral  branch  above  ligature.  1.  Traumatic  region. 
2  Ligature  3.  Distal  or  oldest  part  of  the  clot.  4.  Intermediate 
4.  ^1S'lt"le;  ,  -  proximai  or  digital  projection  of  the  clot 
V^cZl^)  t  Impe^c%coagulgated  blood;  loose  mottled 
clot,    x  5. 


not  found  in  this  case.  Irregular  elongated  fusiform 
spaces,  occupied  by  dark  recently  coagulated  blood  are 
found  between  the  sides  of  the  mam  clot  and  the  walls  of 
the  vessel. 


;  medium-sized™arteries1and  in  tendon  ligatures.  9 

In  the  thirteenth  clay's  specimen  (Fig.  3)  the  proximal 
portion  contains  a  very  small  decolorised  plug,  the  sur- 
face of  which  is  distinctly  concave,  with  a  slight  elevation 
at  the  bottom  of  the  concavity. 


4-  Intermediate  part  ohheVoT\  %  Dl.stal1  Parfc  «*  the  clot, 
x  5.  P         tne  clot    5'  Proximal  part  of  the  clot. 


Note.— The  drawings  (Fies.  2  nnri  q\ 
appearances  of  the  vessels  Tere  tS?n  ?«™P^ting  the  ^roMopical 
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A 


pIG  3  A>  pr0ximal  part  of  the  artery.    B.  Distal  part  of  the  artery. 

c'  First  collateral  branch  above  the  ligature.  1.  Traumatic  region. 
2.  Ligature  seen  by  transparency.  3.  Proximal  plug.  3'.  Distal 
plug,    x  5. 
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In  the  twentieth  day's  specimen  (Fig.  5)  the  plug  is  small, 
decolorised,  but  not  concave,  being  almost  perfectly  flat. 

In  the  twenty-third  day's  specimen  (Fig.  6)  the  plug  is  a 
little  larger  than  in  the  last  case,  whitish,  fibrous-looking, 
markedly  concave — in  fact,  infundibuliform. 


2.  Walls  of  the  Vessel. 

(1)  The  intima  can  be  almost  recognised  with  the  aaked 
eye,  and  very  easily  by  means  of  an  ordinary  pocket  lens, 


Flite5;7A'lPTXimal^art  °f  the  artery-    B"  Distal  P"*  of  the 
artery.    1.  Traumatic  region.    2.  Ligature.    3.  Plug,    x  5 

as  a  dark  (owing  probably  to  its  being  transparent)  thin 
band,  limiting  the  lumen  of  the  artery  both  on  the  proxi- 
mal and  distal  portions.    In  the  neighbourhood  of  the 
igature  it  is  puckered,  and  its  divided  end  curls  inward 
Irrv  g  a™amm:"ated  Predion  into  the  lumen  of  the 

*  of  ti^^  both  » tte  P"1  «* 

(2)  The  muscularis  is  also  distinct  in  everv  case  Tt 
looks  darker  than  the  adventitia,  and  seems  The  t^n  as 
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well  as  the  intima  by  the  ligature,  being  apparently 
almost  entirely  absent  from  the  constricted  region  of  all 
the  arteries. 

(3)  The  adventitia  is  distinct  in  all  cases,  is  folded  in 
the  neighbourhood  of  the  ligature,  and  is  the  only  coat 
which  remains  constantly  at  the  seat  of  ligature.  In  no 
case  does  it  show  any  evidence  of  a  tendency  to  give  way. 


B 


Fig.  6.— a.  Proximal  part  of  the  artery.  B.  Distal  part  of  the 
artery,  c.  First  collateral  branch  above  the  ligature.  1.  Trau- 
matic region.    2.  Ligature.    3.  Plug,    x  5. 

3.  Perivascular  Tissue. 

The  tissues  adjacent  to  the  artery  and  ligature  are  in* 
volved  over  a  remarkably  small  area. 

In  the  fifth  day's  specimen  the  affected  area  could  easily 
bp  covered  by  a  circle  having  for  radius  the  diameter  of 
the  artery  (coats  included),  and  for  centre  the  middle 
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part  of  the  constricted  portion  of  the  artery  (or  rather  of 
the  side  of  it  in  contact  with  the  knot  of  the  ligature). 

A  circle  having  for  radius  twice  the  diameter  of  the 
artery,  and  the  centre  of  which  would  be  in  the  midst  of 
the  knot  of  the  ligature,  would  just  cover  the  whole  of 
the  affected  parts  in  a  section  passing  through  the  middle 
of  the  vessel  nine  days  after  ligature. 

After  the  seventeenth  day  this  area  becomes  rapidly 
smaller,  the  changes  giving  rise  to  what  seems  to  the  naked 
eye  simply  a  fibrous  thickening  of  the  perivascular  sheath. 

The  changes  noticeable  to  the  naked  eye  are  not  very 
striking;  they  are  chiefly  due  to  displacements  produced 
by  the  incision,  the  dragging  or  drawing  in  of  the  tissues 
by  the  tightened  ligature,  the  projection  of  the  knot  on 
one  side  of  the  artery,  the  accumulation  of  new  material 
around  the  ligature  (most  noticeable  in  the  ninth  day's 
specimen),  and  finally  a  certain  amount  of  discoloration 
and  alteration  of  structural  appearances,  due  at  first  to 
extravasation  and  exudation,  and  finally  to  cicatrisation 
and  vascularisation. 


4.  Ligature. 


The  ligature  is  very  distinct  in  all  specimens  but  is 
more  conspicuous  in  those  removed  late  after  'ligation 

TlTi!".  ?  TTd  \  f6W  dayS  ml*  after  "Potion. 
Tins  18  due  to  the  fact  that  after  being  embedded  in  the 

tissues  for  some  time  the  prepared  tendon  assumes  I 
dark  brown  colour.  On  the  other  hand,  in  recent  speci! 
mens  the  tissues  surrounding  the  ligature  have  a  darker 
colour  than  at  a  later  period. 

nofl™  Tt%  ^  SpeCimm  *ie  1«atMe>  ^  f  does 
not  torn  a  large  mass  as  in  the  region  of  the 

ataost  of  the  same  colour  as  the  surroundi  g  is  ues  h 

-  8Plit  ,nto  l 
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obtain  a  good  section  of  it.  The  surrounding  products 
hold  so  badly  together  that  the  ligature  seems  to  be  guite 
loose  in  the  midst  of  a  small  cavity.  In  the  other  speci- 
mens it  is,  on  the  contrary,  tightly  held  by  the  inflamma- 
tory products,  and  is  distinctly  encapsulated  after  the 
thirteenth  day. 

In  connection  with  the  ligature  knot  an  interesting 
appearance  is  produced  in  several  of  the  vessels ;  where 
the  knot  presses  upon  the  arterial  walls  these  bulge  out- 
ward very  much  less  than  on  the  opposite  side,  where  the 
walls  are  not  so  supported.  There  is,  however,  no  distinct 
evidence  that  this  absence  of  support  leads  to  any  undue 
distension  of  the  coats. 

The  folding  of  the  arterial  walls  is  also  more  marked 
on  the  superficial  side  of  the  vessel  (that  is,  the  side  which 
is  in  contact  with  the  knot).  This  causes  a  certain 
obliquity  of  the  plan  of  section  to  certain  parts  of  the 
walls,  and  leads  to  an  apparent  difference  of  thickness  of 
the  walls  on  both  sides,  an  appearance  which  must  not  be 
attributed  to  any  giving  way  of  the  walls  on  the  thin 
side. 

It  can  therefore  be  said  generally,  from  a  naked-eye 
examination  of  the  specimens,  that  in  all  cases — 

(1)  The  occlusion  of  the  artery  was  perfect. 

(2)  The  ligature,  except  in  the  second  case,  gave  rise 
to  very  little  irritation. 

(3)  The  ligature  showed  no  tendency  to  be  absorbed. 

(4)  The  walls  of  the  artery  did  not  show  any  tendency 

to  give  way.  „ 

(5)  The  clot  as  such  had  practically  disappeared  after 
the  thirteenth  day,  and  had  been  replaced  by  a  fibrous- 
looking  plug. 
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IV.  Microscopical  Examination  op  Specimens. 

Fifth  Day's  Specimen  (see  Figs.  1,  7,  9,  10). 

General  remarks. — The  occlusion  is  perfect.  The  liga- 
ture can  be  distinctly  recognised ;  it  is  in  perfect  contact 


njs 


3.  M»,»l„^.   4.  AJJ~gf-  ^-"f  io«™. 
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si  ••:.  !<*,: 


71/ 


"A- 


Hi  \ 


Fig  8  '—A.  Proximal  end  of  the  artery.  B.  Distal  end  of  the  artery, 
c'  First  collateral  branch  above  the  ligature  dilated  and  hyper- 
trophied.  a.  Ligature  on  the  deep  aspect  of  the  artery.  6.  Fis- 
sure showing  the  place  where  exudation  was.  c.  Proliferative 
zone.  d.  Adventitia  in  the  constricted  part  of  the  artery,  e.  Fen- 
vascular  tissue  more  vascular  than  normal.  1.  Thickening  ot  the 
endothelial  part  of  the  intima  covering  the  proximal  surface  ot 
the  plug.  1'.  Thickening  endothelial  layer.  1".  Endothelial  layer 
of  intima,  about  normal.  2.  Elastic  lamina.  3.  Muscular  coat. 
8'  Muscular  coat  hypertrophied.  4.  Adventitia.  5.  Perivascu  ar 
ti  sue  more  fibrous  than  normal,  fat  absent  5'.  Penvascu  ar 
tissue.  6.  Vascularised  older  parts  of  the  clot  containing  still 
blood-pigment,    x  16. 


i  A  little  more  than  half  of  the  vessel  is  represented  he*  in  section  A 
lateral  branch  c. 
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with  the  outer  wall  of  the  artery ;  the  external  aspect  of 
the  ligature  is  covered  with  small  cells,  extending  for  a 
short  distance  into  the  surrounding  tissues.     The  artery 
is  much  larger  above  the  ligature  than  below,  and  con- 
tains a  large  clot,  the  long  axis  of  which  is  equal  to  more 
than  twice  the  diameter  of  the  vessel.    The  bulging  of 
the  artery  is  more  marked  on  the  side  of  the  vessel  which 
is  not  supported  by  the  knot  than  on  the  other,  and  on 
the  more  bulging  side  the  walls  look  thinner.     The  walls 
are  pressed  inwards  by  the  knot,  and  owing  to  that 
depression  some  parts  of  the  walls  are  cut  more  obliquely 
than  others  ;  this  accounts,  as  already  explained,  for  the 
apparent  difference  of  thickness  observed  on  both  sides  of 
the  vessel  in  microscopical  sections. 


1.  Contents. 


We  have  already  seen  that  the  part  of  the  vessel 
extending  between  the  ligature  and  the  first  collateral 
branch  above  (that  is,  the  part  in  which  the  blood  ' 

J^^ZV^  "  alm°St  entire^  °« 
by  a  clot     This  clot  is  seen  on  section  to  be  distinctly 

composed  of  several  parts.  uisnnctly 
In  this  case  three  parts  can  be  recognised  for  descriptive 
purposes  viz.  a  proximal  (or  most  recent),  an  interm  diate 
and  a  distal  (or  oldest).  ^ermeaiate, 

(1)  The  proximal  part  forms  the  fimrer-likp 

ottne Th^r1^  deSCriM  '  *  is  P-S^  "he  " 
of  the  thrombus,  and  on  opening  the  vessel  w«,  f  1 

surrounded  by  a  mass  of  imperfectly  loTatlaZ  hlZ 
bourse 

masses  of  altered  and  deeply  pWented  hln  A *  *  ^ 
remaining  around  the  apex  of P  the  clot f^00^^ 
speak,  that  the  blood  th*L  1        indicate,  so  to 

Fig.  10).  th6re  ™  not  qui<*  normal  (see 
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The  proximal  clot  itself  is  composed  of  several  masses 
separated  by  thin  bands  of  fibrin,  which  forms  also  a  thin 
layer  over  the  greater  part  of  its  surface.  Near  the  base 
of  this  portion  of  the  coaguluin,  fibrin  is  more  abundant, 
and  gives  that  region  a  somewhat  laminated  appearance. 
The  most  remarkable  features  of  that  portion  of  the  clot 
are  the  following : 

The  red  blood-corpuscles  are  little  altered,  their  outline 
being  quite  distinct  and  sharp  ;  but  they  are  paler  than 
normal,  with  the  exception  of  a  few  corpuscles  forming 
small  additional  clumps  on  the  surface  of  the  clot,  and 
having  evidently  become  adherent  at  some  subsequent 
period. 

Leucocytes  are  seen  disseminated  all  through  this 
proximal  thrombus,  and  are  not  very  much  altered. 
They  are  more  abundant  near  the  surface  than  in  the 
deeper  parts,  and  in  some  superficial  spots  they  are 
remarkably  crowded.  In  some  of  the  latter  places  the 
red  blood-corpuscles  are  evidently  breaking  down. 

Other  corpuscular  elements  are  also  found,  but  in  small 
numbers  in  this  part  of  the  thrombus  ;  these  elements  have 
all  the  appearances  of  epithelial  or  endothelial  cells,  having 
a  large  nucleus,  frequently  oval,  vesicular  in  appearance, 
staining  less  deeply  than  the  leucocytes,  and  surrounded 
by  an  irregular  cell  body.  Some  of  these  large  nuclei  have 
very  little  protoplasm  around  them.  There  can  be  very 
little  doubt  that  these  cells  are  derived  from  the  endo- 
thelium of  the  artery. 

Small  granules  of  doubtful  nature  are  also  seen  m  the  clot. 
The  fibrin,  as  we  have  already  said,  forms  bands  dividing 
the  clot  into  several  parts,  but  it  is  found  under  other 
forms  too  Thus  in  many  places  it  forms  a  fine  reticulum 
passing  between  individual  blood-corpuscles.  These  fine 
fibrils  may  run  together  so  as  to  form  the  bands  or  trabe- 
cule jut  alluded  to.  We  may  add  here  that  m  some 
places  near  the  surface  of  the  thrombus  these  fibrinous 
lamella  or  trabecule  enclose  spaces  from  which  the  cor- 
puscles have  entirely  disappeared.   This  condition  must  be 
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produced  either  by  destruction,  escape  of  the  corpuscles, 
or  accumulation  of  some  amorphous  material. 

Fibrin  may  present  itself  under  a  third  form,  not  less 
interesting,  namely,  that  of  more  or  less  rounded  or  oval 
bodies  with  branching  processes  extending  between  the 
surrounding  corpuscles,  the  long  axis  of  these  bodies 
being  generally  but  not  always  parallel  to  the  surface  of 
the  thrombus.    These  stellate  masses  vary  in  size,  some 
being  very  little  larger  than  a  red  blood-corpuscle,  whilst 
the  diameter  of  others  is  about  thirty  or  forty  times 
that  of  a  red  blood-corpuscle.     These  dimensions  are 
given  so  that  they  should  not  be  thought  to  be  simply 
degenerating  white  blood-corpuscles,  or  even  groups  of 
them,  or  of  the  so-called  blood-plates.    In  the  midst  of 
some  of  these  masses  red  blood-corpuscles  can  be  distinctly 
recognised,  but  in  others  the  blood-corpuscles  are  replaced 
by  a  fine  granular  material,  as  if  they  had  broken  down. 
In  some  of  the  largest  of  these  masses  large  vacuole-like 
spaces  are  found.    These  masses  are  most  abundant  where 
the  ordinary  fibrillated  form  is  least  abundant.     They  do 
not  seem  to  have  any  direct  connection  with  white  blood- 
corpuscles.    Nothing  corresponding  to  blood-plates  could 
be  discovered  in  any  specimen. 

(2)  The  intermediate  part  of  the  clot  occupies  almost  the 
whole  lumen  of  the  vessel ;  but  it  is  more  or  less  globu- 
lar in  shape,  and  has  a  distinct  tendency  to  separate  from 
the  walls  of  the  vessel,  especially  on  one  side,  as  shown 
by  the  fissures  produced  in  the  endothelium  and  in  the 
superficial  parts  of  the  clot  itself.  The  chief  differences 
between  this  part  of  the  clot  and  the  proximal  parts  are 
tne  rollowmg  : 

The  red  blood- corpuscles  have  retained  more  of  their 
pigment. 

The  white  blood-corpuscles  are  differently  distributed  • 
they  have  almost  entirely  disappeared  from  the  proximal 
supernal  parts,  whilst  they  are  abundant  in  the  lateral 
and  deep  parts  This  distribution  suggests  the  idea 
that  havmg  travelled  towards  the  surface  many  leucocytes 
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have  escaped  from  the  clot  where  such  a  thing  was  pos- 
sible, but  that  elsewhere  they  have  remained  entangled 
in  the  clot. 

The  endothelial  cells  are  more  abundant  here,  and 
specially  in  the  lateral  portions  of  the  thrombus,  where 
they  retain  in  many  places  their  distinct  shape. 

The  fibrin  is  more  abundant  near  the  lateral  surfaces  of 
the  clot,  where,  with  the  leucocytes  and  with  the  endo- 
thelial cells,  it  forms  a  tolerably  thick  layer.  Near  the 
proximal  end  the  arrangement  of  the  fibrin  gives  to  this 
part  of  the  thrombus  a  laminated  appearance. 

The  third  or  distal  portion  of  the  thrombus  is  very  ana- 
logous to  the  last. 

The  leucocytes  are,  however,  more  abundant  in  the 
central  region  here  than  in  the  last  case. 

The  red  blood-corpuscles  are  somewhat  less  distinct, 
more  granular,  and  darker  in  colour. 

The  fibrin  does  not  form  bands  in  the  midst  of  the  clot ; 
on  the  contrary,  it  forms  a  thick  deposit  on  its  surface. 

It  is  evident  from  the  examination  of  that  part  of  the 
clot  that  it  must  have  contracted  considerably,  remaining 
connected  in  several  places  with  the  walls  of  the  vessel 
simply  by  bands  of  fibrin.  This  view  is  supported  by 
the  fact  that  in  the  meshes  formed  by  the  bands  of  fibrin 
at  the  periphery  of  the  thrombus,  masses  of  red  blood- 
corpuscles  are  found  which  are  not  so  altered  as  those 
found  in  the  central  parts  of  the  clot,  and  have  evidently 
been  more  recently  coagulated.  We  should,  therefore,  add 
to  our  list  of  the  three  central  thrombi  a  number  of  small 
additional  peripheral  clots. 

Mode  of  formation  of  the  clot— It  seems  from  these 
observations  that  the  clot  is  not  formed  all  at  once,  and 
that  after  being  formed  it  undergoes  numerous  changes 
due  to  contraction  of  its  fibrin,  migration  of  its  leuco- 
cytes, &c. 

It  will  be  evident  from  our  description  that  what  we 
have  called  the  proximal  portion  of  the  thrombus  is  the 
one  that  has  been  last  deposited,  whilst  the  distal  was  the 
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one  first  coagulated.  We  can,  therefore,  by  studying  in 
turn  these  various  parts  of  the  thrombus  form  an  idea  of 
the  changes  which  take  place  successively  in  the  coagulum. 

The  first  changes  which  take  place  after  coagulation 
seem,  therefore,  to  be — 

1st.  The  migration  of  white  blood-corpuscles  to  the 
surface.  Those  remaining  behind  become  altered  and 
degenerate. 

2nd.  The  contraction  of  the  fibrin,  which  causes  the 
formation  of  channels  between  the  side  of  the  clot  and 
the  walls  of  the  artery,  and  also  in  some  cases  in  the 
midst  of  the  clot  itself. 

3rd.  This  contraction  leads  to  two  things  :  a  Into 
the  spaces  which  result  from  it  fresh  blood  penetrates 
and  coagulates  in  its  turn.  b.  Some  of  the  endothelial 
cells  covering  the  intima  become  separated  from  the 
subjacent  subserous  layer,  and  become  embedded  in  the 
thrombus  (Fig.  9). 

2.  Walls. 

Tunica  intima  (Figs.  9  and  10)  .-In  some  places  the 
serous  layer  cannot  be  recognised,  but  this  may  be  due  to 
this  layer  having  been  separated  from  the  elastic  lamina. 
Tins  SeemS  to  have  been  due  to  contraction  of  the  clot. 
In  other  places  between  the  clot  and  vascular  walls,  and 
generally  clinging  to  the  clot  in  the  form  of  an  external 

ar TiouTK,  11  °f  r°Und  sP-dl-shaped  cells 
are  found.     These  cells  are  apparently  partly  endothelial 

cells  more  or  less  modified,  and  partly  leucocytes  which 
have  come  to  the  surface  of  the  clot. 

In  other  places  there  is,  instead  of  the  intima  an 
regUlar  layer  of  cells,  evidently  resulting  from  the  pro 

^^r^  °f  tha\— b—    Thiffs  well" 

the  arterv  &t  the  P°int  of  occl™on  of 

foS!  thTVntr  With  thG  Subiace^  -ats  is 

abovrthfnot  t    Vb6fcfcermarkedatB0me  ^ance 
the  point  of  occlusion,  and  specially  at  some  places 
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where  the  proliferated  endothelial  cells  come  in  contact 
with  tracts  of  fibrin. 

In  some  preparations  another  appearance  is  also  very 


Fig.  9.'-a.  Proximal  end  of  vessel  ?.  Distal  end  of  vessel. 
1  Plot  (red  blood- corpuscles  and  fibrinous  bands).  1.  Uot. 
2.  Sl  fnto  whicbfresb  blood  bas  penetrated  3.  ^ev^g 
endothelial  cells  of  the  intima,  dragged  away  from  the  rest  by 
Se  contracting  clot.  4.  Intima  thickened  bj '  prol 
Loose  endothelial  cell.  6.  Elastic  lamina  of  intima.  7.  Muscular 
coat,    x  400. 

distinctly  marked.  The  flat  cells  of  the  endothelium,  or 
perhaps  of  the  sub-endothelial  layer,  have  proliferated,  and 
remaining  attached  by  one  end  project  obliquely  in  o 
the  lumen  of  the  vessel,  penetrating  more  or  less  deeply 
into  the  clot. 

>  This  drawing  represents,  under  a  high  power,  the  part  indicated  in 
Fig.  10  by  lx. 
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arter°y.  e^^^    *  Constricted  part  of  the 

Tracts  of  endotheliaUella ^peLtSn  "  riWith  ex^ation.  li! 
older  portion  of  the  c  o     Tx* TZCv^r°^&l  Part  of 
layers  which  split  after  contraction  5  «    «  *  ofJntima>  forming 
which  remain  Adherent  to  the  surface of H    T  US'  and  801ne  of 
thehal  layer  of  the  intima,  very  Sin     *  ^rombu8-    ^xx.  Endo- 

Note, — In  Pipa  in  iq      j  - 
order  to  bring  oMWirtCjtari? ft  I?,"",™"        C0,Tec''  b»'  <" 
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In  the  distal  cul-de-sac  proliferation  of  the  cells  of  the 
intima  produces  a  distinct  thickening  of  that  membrane, 
chiefly  in  the  folded  region  over  the  ligature. 

Muscular  coat. — In  the  neighbourhood  of  the  ligature 
the  muscular  fibres  begin  to  atrophy,  especially  in  the 
region  corresponding  to  the  infiltrated  portion  of  the  ad- 
ventitia.  In  the  obliterated  portion  of  the  artery  there 
remains  a  thin  tract  of  tissue  representing  the  muscular 
coat,  and  surrounded  by  the  tunica  adventitia.  A  few 
muscular  fibres  can  be  recognised  in  that  region,  but  the 
greater  part  of  the  muscular  coat  is  evidently  torn  up  at 
the  same  time  as  the  tunica  intima,  and  forms  with  it  a 
convoluted  projection  into  the  lumen  of  the  obliterated 
artery  above  and  below  the  seat  of  ligature. 

Tunica  adventitia.— This  is  the  only  coat  remaining  in 
its  entirety  at  the  seat  of  ligature. 

The  constricted  portion  of  the  artery  measures  in 
length  more  than  half  the  diameter  of  the  dilated  artery 
above  the  point  of  ligature.    The  structure  of  the  tunica 
adventitia  in  this  region  is  distinctly  altered.    It  stains 
less  deeply  than  in  the  other  parts.    It  is  less  cellular,  it 
is  less  vascular,  and  the  vessels  present  are  almost 
obliterated  by  pressure.    The  cells  are  elongated,  some  of 
them  very  small,  others  rather  long  and  wavy,  lne 
intercellular  substance  is  coarsely  fibrous,  probably  owing 
to  the  compression  of  the  bundles  of  white  fibrous  tissue, 
the  elastic  fibres  remaining  unaffected  by  pressure  The 
fibres  are  straightened  and  rendered  parallel,  so  that  this 
portion  of  the  adventitia  looks  like  dense  fibrous  tissue 
with  a  large  number  of  parallel  coarse  elastic  fibres  m  its 

blithe  points  corresponding  to  the  proximal  and  distal 
horders  of  the  ligature,  i.  e.  in  those  parts  where  the  pressure 
of  the  ligature  ceases  to  exert  a  direct  nfamce,  a  very 
distinct  zone  of  cellular 

This  zone  is  very  distinct  and  limited.    The  cells  accu- 
mulated in  that  region  are  small  and  irregular _in  sh^. 
This  cellular  zone  is  easily  recognised  by  the  column 
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of  cells  separating  the  fibrous  bundles,  specially  in  the 
outer  portions  of  the  coat.    Between  the  most  compressed 
portion  of  the  artery  and  this  cellular  region  there  is  an 
intermediate  region  where  cells  seem  entirely  absent. 
This  indicates  that  these  cells  have  atrophied,  or  at  any 
rate  that  they  do  not  exhibit  the  usual  reactions.  The 
cellular  zone  corresponds  with  the  point  where  the  liga- 
ture ceases  to  exert  its  pressure,  and  where  cells  of  the 
exudation  and  infiltrated  tissues  surrounding  the  ligature 
are  in  contact  with  the  arterial  walls. 

The  adventitia  of  the  proximal  side  of  the  artery  in 
the  region  occupied  by  the  clot  is  more  vascular  and 
cellular  than  normal.  This  is  true  also  of  the  distal  side 
ot  the  artery,  but  only  for  a  short  distance  below  the  seat 
of  ligature. 


3.  Perivascular  Tissues. 

The  vessel  is  surrounded  by  adipose  tissue  in  every 
direction  except  on  the  side  on  which  the  incision  for  the 
purpose  of  ligaturing  has  been  made.  In  it  there  are 
three  important  regions  to  study  with  relation  to  the 
ligature : 

a.  The  traumatic  or  exudative. 

b.  The  irritative  or  proliferative. 

c.  The  passive  or  pressure  region. 

tin'  ^  ^TTt  regi°n  °T  tmct  °f  Vision  and  lacera- 
^,is  very  limited,  audit  includes  of  course  not  only  the 
path  of  the  knife  but  also  the  track  followed  W 
ligature  needle  all  round  the  artery.  This  region  is 
occupied  by  exudation  products,  and^  the  produlL  are 
arranged  so  as  to  form  two  distinct  zones,  whLi  ow  "  o 
their  relations  to  the  arterv  n,,  ua  H  ,  '  0WmS  to 
external.  Y'   ™  be  Called  mfcera^  and 

The  internal,  i.  e.  the  one  nearest  to  the  arterv  or  li™ 
ture,  is  composed  of  small  round-cells  wW^  g 
^Mdly  formed  leucocytes, 


26  ON  THE  CHANGES  OBSERVED  IN  HEALTHY 

those  found  in  the  infiltrated  portion  of  the  adventitia. 
This  portion  covers  the  external  surface  of  the  ligature, 
and  comes  in  contact  with  the  walls  of  the  artery  on  both 
sides  of  the  ligature,  and  there  a  few  cells  wedge  them- 
selves in  between  the  ligature  and  the  adventitia  as  already- 
described. 

The  external  zone  of  exudation  has  the  appearance  of  an 
ordinary  fibrinous  exudation,  being  composed  of  a  net- 
work of  fibrin  and  of  leucocytes.  Red  blood-corpuscles 
are  also  pretty  abundant  (present  also  in  the  internal 
zone,  but  difficult  to  recognise  among  the  deeply  stained 
leucocytes).  This  region  is  best  marked  on  the  side  of 
the  knot,  and  forms  there  a  triangular  area,  the  base  of 
which  lies  against  the  small  cells  covering  the  surface 
of  the  knot,  and  the  apex,  directed  obliquely  towards 
the  surface  of  the  leg,  indicating  the  incision  line. 

b    External  to  this  mass  of  exuded  material  the  tis- 
sues are  deeply  altered  by  proliferation  of  their  elements. 
This  layer  may  properly  be  called  the  proliferative  region. 
In  this  region  the  normal  structure  of  the  tissues  is  more 
or  less  altered  by  proliferation  of  the  nuclei  and  of  the 
cells  :  in  the  immediate  neighbourhood  of  the  space  fi  led 
with  exuded  lymph  the  proliferation  has  been  so  active 
that  the  original  structure  of  the  tissues  is  almost  entirely 
obscured.    The  fibrous  tissue  has  become  entirely  cel- 
lular like  embryonic  connective  tissue;  the  nuclei  of  some 
fat-cells  have  multiplied,  and  the  connective  tissue  between 
{hem,  specially  along  the  course  of  sma  1  vessels,  has 
increased  in  amount ;  in  some  places  vessels  are  seen  to  be 
Z  beginning  to  form  in  the  irritated  connective  tissue 
These  changes  are  not  distributed  equally  all  round  the 
vessel  Extend  «  Utile  furtUr  on  the  Slde  « ***** 
knot  is  ■  they  also  extend  along  the  walls  of  the  vessel, 
Ifefly  on  the  proximal  side,  more  than  m  other  direc- 

To)  In  the  most  external  layer  the  tissues  are  dmply 
1      7  „  Ano  tft  ty,P  slio-bt  accumulation  of 

altered  by  the  pressure  due  to   he  ^  f  This  zone 

products  in  the  two  regions  just  described. 
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could  be  called  the  region  of  compression  or  pressure. 
The  most  important  changes  are  those  found  in  some  mus- 
cular fibres  which  are  in  a  state  of  hyaline  degeneration, 
a  condition  which  may  be  in  part  due  to  interference  with 
the  blood-supply. 


4.  Ligature. 

m  The  side  of  the  tendon  which  is  in  contact  with  the  artery 
is  almost  perfectly  even  and  unaltered,  but  at  both  ends  of 
the  constricted  portion  of  the  artery,  where  the  space 
between  the  tendon  and  the  coats  of  the  vessels  is  gradu- 
ally widening,  small  cells  form  a  kind  of  wedge,  pene- 
trating between  the  artery  and  the  ligature  (see  Figs.  1, 

Lt~S'  5?  m,  ^  regi°n  that  the  coats  of  vessel 
m  st  ^Cel1  -Nation.     The  side  of  the  tendon 

most  distant  from  the  artery  (and  therefore  in  contact 


Fig.        Transverse  section  of  a  small  nm-H™  „r  ^  ,• 

days  after  the  operEnP   x£)0        gatUFe  five 

«  the  small  sun-oundiag  ?e  lT    The  t  V  ^ 

easily  retained  by  the  fells  „f  Z  ,  T  a'S°  more 
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deeply,  but  only  after  prolonged  immersion  in  staining 
fluid. 

The  tendinous  bands  have  evidently  a  tendency  to  split 
and  become  fissured  in  the  direction  of  their  fibres,  and  this 
occurs  chiefly  at  their  periphery.  Owing  to  this,  the  sur- 
face of  the  tendon  is  longitudinally  furrowed  wherever  it 
is  in  contact  with  the  exudation  surrounding  it.  The  small 
cells  of  the  exudation  penetrate  into  these  furrows  (Fig.  12)  ; 


Fia  12.-Longitudinal  section  through  one  of  the  ends  of  the 
Mature  five  days  after  operation.  1.  Bundles  of  white 
Enftissue  2.  Tendon  corpuscles.  3.  Exudation  com- 
Posed  cl  efly  of  Lall  degenerated  leucocytes.  4.  Exudation 
Penetrating  into  superficial  fissures  of  the  tendon,    x  400. 

and  where  the  plan  of  section  is  passing  quite  near  the 
surface  of  the  tendon,  either  very  obliquely  or  longitudi- 
nally, these  small  cells  seem  to  form  long  rows  separating 
bundles  of  tendinous  fibres.  To  understand  the  true  xe- 
lation  of  these  cells  to  the  tendon  it  is  necessary  to  exa- 
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mine  a  transverse  section  of  a  tendinous  band.  At  the 
points  where  the  small  cells  are  in  close  contact  with  it 
the  tendon  is  evidently  undergoing  a  process  of  slow  solu- 
tion or  digestion,  but  the  process  is  certainly  very  super- 
ficial. Where  the  ligature  is  in  close  apposition  with  the 
artery  it  is  less  altered  than  in  the  parts  which  are  in 
direct  contact  with  surrounding  tissues.  This  partial 
absence  of  changes  is  more  marked  on  the  side  occupied 
by  the  knot  than  on  the  other  side,  where  only  one  thick- 
ness of  the  ligature  separates  the  coats  of  the  vessel  from 
the  inflammatory  products. 


Ninth  Day's  Specimen. 

General  remarks.— The  most  noteworthy  points  in  this 
specimen  are  the  extent  of  tissues  involved  and  the  large 
amount  of  exudation.  The  artery  is  perfectly  occluded 
(see  Figs.  2  and  13). 


1.  Contents. 


Its  proxxmal end  is  well  plugged  by  a  large  clot,  the 
long  axis  of  which  is  equal  to  twice  the  diameter  of  the 
artery.  Thxs  plug  although  convex,  is  much  flattened  • 
it  has  contracted  and  become  further  separated  from  the 
walls  of  he  artery.  Organisation  and  vascularisation  are 
quite  distinct  along  the  sides  of  the  artery,  and  down  o 
nearly  the  seat  of  the  ligature. 

The  distal  side  of  the  artery  does  not  contain  any  clot 
The  superficial  portions  of  the  clot  have  disappeared 

The^^oUhelh"  T  °i  ?*  ^  — ^ 

rently  ceased  to  oontfacf     T  ,     8peClm6U'  haS  aPPa" 
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The  clot  is  distinctly  becoming  organised,  or  rather  is 
getting  gradually  absorbed  as  newly  formed  connective 
tissue  encroaches  more  and  more  upon  it.    This  destruc- 


„rt„,  below.  ^^J-JfZ^L^  ««*.  le».«»jt,t 

lieataie.    3.  Muscular  coat.    4  Adient.tia. 
sues.    «  12-    (See  note,  Fig.  10.) 

f  «,p  Hot  is  roost  marked  in  the  more  proximal  por- 
tion ci the ,  ok *  s  roos  t]je  med.an  parts 

oftle  clo^ave  stiH  retained  nearly  all  the  characters 
Iservable  at  the  fifth  day,  but  in  the  penphera.  port.ons 


MEDIUM-SIZED  ARTERIES  AND  IN  TENDON  LIGATURES.  31 


there  is  a  mixture  of  multiplying  connective-tissue  cor- 
puscles of  a  more  or  less  fusiform  shape,  of  blood- cor- 
puscles undergoing  disintegration  (sometimes  entirely 
replaced  by  small  masses  of  pigment),  and  of  fibrinous 
debris. 

We  have  said  that  large  spaces  are  formed  at  the 
periphery  of  the  clot,  owing  to  contraction.  That  such  is 
the  case  can  be  easily  demonstrated,  for  in  many  speci- 
mens fresh  coagula,  in  most  of  which  fibrin  is  in  great 
excess,  can  be  distinctly  seen  in  the  midst  of  the  thickened 
Layers  of  the  intima,  and  around  the  much  altered  parts 
of  the  distal  portion  of  the  thrombus. 

Some  remarkable  changes  can  be  noticed  in  the  leuco- 
cytes found  in  the  various  parts  of  the  clot.  Some  of 
these  cells  are  much  smaller  than  normal,  and  contain 
small  granular  nuclei,  which  seem  to  be  the  result  of  some 
degeneration.  Other  leucocytes  apparently  run  together 
to  form  larger  compound  masses,  in  which  the  original 
cells  can  generally  be  recognised. 

Endothelial  cells  are,  of  course,  now  abundant,  specially 
at  the  periphery  of  the  clot,  and  in  those  places  where  the 
blood  has  recently  penetrated.     This  is  due  to  desquama- 
tion of  the  endothelium,  and  is  not  special  to  thrombosis 
due  to  ligature  (one  of  us  has  observed  a  similar  desqua- 
mation in  many  pathological  states,  and  also  in  the  vessels 
of  young  animals1).     In  the  distal  part  of  the  clot  there 
is  a  considerable  increase  of  small  round-cells,  and  this 
increase  can  be  easily  shown  to  be  due  to  the  penetration 
of  leucocytes  from  the  tissues  surrounding  the  artery 
through  the  walls  of  the  vessel  into  the  thrombus.  These 
cells  are  therefore  of  extraneous  origin.     This  is  of  great 
importance,  for  it  gives  us  the  means  of  testing  certain 
views  touching  the  organisation  of  the  thrombus 

If  it  were  true,  as  Bubnoff  asserts,2  that  organisation  is 
'  Delepine,  '  Trans.  Path.  Soc./  1889,  p.  417,  &<• 

of  \  ,TW°  reC?fc  ^ter8'  Bal,anCe  and  Edmunds'  liave  in        « Transactions  • 
of  tins  Society,  May,  1886,  pp.  458,  459,  closely  followed  Bubnoff  .,  d 
therefore  disagree  with  them.     Thev  sav  « T\l  m-  ,  W* 

iney  say,     ±  lie  microscope  shows  that  a 
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chiefly  due  to  the  passage  of  migratory  cells  from  vessels 
surrounding  the  artery,  and  from  the  vasa  vasorum,  into 
the  thrombus  through  the  walls  of  the  vessel,  then  we 
should  in  our  specimen  find  that  organisation  spreads 
from  where  the  leucocytes  have  accumulated ;  but  we 
find  this  is  not  the  case,  and  that  organisation  begins  in 
those  parts  where  there  is  no  evidence  of  diapedesis  and 
very  clear  evidence  of  proliferation  of  endothelial  cells. 
This  beautiful  experiment,  worked  out  by  nature,  shows  in 
the  same  artery  the  effects  of  two  processes,  to  which 
the  same  results  are  attributed  by  different  observers, 
and  gives  a  clear  demonstration  in  favour  of  those  who 
believe  in  the  essential  part  played  by  the  intima. 

2.  The  Walls. 
In  the  intima  the  proliferation  which  we  had  already 
noticed  on  the  fifth  day  continues,  but  the  cells  take 
now  an  arrangement  which  suggest  what  is  seen  when 
young  fibrous  connective  tissue  begins  to  undergo  dif- 
ferentiation.    The  cells  elongate,  form    tracts  which 
branch  in  the  midst  of  the  organising  thrombus  and 
penetrate  even  into  the  parts  where  the  red  blood-cor- 
puscles have  not  yet  degenerated.    They  form  thus  a  dis- 
tinct network  having  all  the  appearances  of  a  ^Uary 
network,  but  with  a  few  exceptions  these  tracts  of  cells  do 
not  form  as  yet  tubes  through  which  the  blood  could  cvcu- 
lai      On  the  convex  surface  of  the  thrombus  the  arrange- 
Tent  of  these  cells  is  guite  different;  there  they  are  flat- 
bed and  form  several  layers,  taking  the  same  appearance 

ligature,  and  into  the  clot     .    .  ■ .      y  ^  completcly 

the  ligature  is  **^^£J?£^^*^ 
absorbed.    .    .    •    J^'  J  ;te  endotuelial  cells  without  the  forma- 

^^^^^JJ^TL  observation  we  have  grave  doubts, 
tiou  of  dot    Of    he  ace acy  q  ^  ^  ^  f Q  tl0U 

Any  altera  Uon  ioth  mugitipliCation  iu  our  specimens  is  always 

ZZZ^&Z*  —  - latter  apparen%  letn9  of 

more  importance  than  the  former,"  &c. 
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as  the  superficial  layers  of  the  thickened  intima  which 
covers  the  walls  of  the  vessel.  The  muscular  coat  is  torn 
as  well  as  the  intima. 

The  muscular  and  adventitious  coats  are  in  this  case 
much  infiltrated  with  small  cells  in  the  neighbourhood  of 
the  ligature,  and  the  specimen  shows  how  easy  it  is  to 
trace  the  passage  of  external  products  through  the  walls 
of  the  vessels  when  such  a  migration  is  at  all  important. 
We  would,  however,  draw  attention  to  the  fact  that 
such  a  migration  does  not  seem  to  be  the  general  rule, 
and  that  in  this  case  we  have  good  reasons  to  believe 
that  the  excessive  small-cell  infiltration  noticeable  in  the 
neighbourhood  of  the  ligature  was  due  to  some  irritant 
properties  of  that  ligature. 

3.  Perivascular  Tissue. 

The  external  aspect  of  the  ligature  is  covered  with  a 
very  thick  layer  of  exudation,  almost  entirely  composed 
of  ill-formed  small  round-cells.  These  cells  are  evidently 
perfectly  free,  and  not  held  by  any  solid  stroma,  so  that 
the  exudation  must  have  been  of  a  purulent  nature 
This  was  noticeable  even  to  the  naked  eye.  It  was 
difficult  to  bisect  the  artery  without  detaching  the  liga- 
ture from  the  surrounding  tissues.  The  ligature  was 
evidently  lymg  in  a  small  abscess  cavity,  and  was  fixed 
only  by  its  connections  with  the  artery. 

The  proliferation  zone  is  also  very  extensive  in  this 
specimen ;  the  fibrous  and  adipose  periarterial  tissues  are 
more  than  half  replaced  by  cellular  connective  tissue 
composed  chiefly  of  small  round  and  spindle-shaped  cells' 
with  many  giant-cells  at  places.  These  last  cells  are 
chiefly  found  m  the  midst  of  adipose  tissue. 

4.  The  Ligature. 
The  ligature  is  quite  distinct,  but  much  more  altered 
break  up  mto  the  elementary  bundles  forming  the  tendon. 
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_      -  .     i    A  tendon  fibrous  bundle.    2.  Exfoliation  of  the 
FIG.  14.-1.  A  teud°°     rLndle.    3.  Small  cells  penetrating 
superficial  layers  ot  the  bu^len  .    e^  £  (pbag0. 

be;PTn  Larger  c  s  r  semblin/closely  giant- cells  or  osteo- 
Ists^ert Tund  in  the  sa.ne  situation  in  some  other  spec 
mens,    x  230. 
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It  is  probable  that  in  this  instance  the  tendon  was  not  so 
perfect  as  in  the  other  cases.    A  few  mould  hyphse  were 
found  among  its  bundles,  so  that  it  is  possible  that  the 
ligature  was  not  quite  aseptic.    It  is  interesting  to  notice 
that,  under  the  influence  of  the  small  exudation-cells 
which  had  penetrated  into  the  spaces  resulting  from  the 
splitting  up  of  the  tendon,  the  surface  of  the  primitive 
bundles  is  altered.      The  superficial  layers  of  these 
bundles  are  scaling  off,  and  this  gives  to  them  a  worm- 
eaten  appearance.    These  observations  seem  to  indicate 
very  strongly  the  importance  of  homogeneity  and  perfect 
asepticity  of  the  ligatures  used,  but  they  also  show  that 
a  certain  amount  of  irritation  may  be  set  up  without 
any  serious  results ;  indeed,  the  external  appearance  of 
the  wound  did  not  indicate  in  this  case  that  there  was 
any  imperfection  in  the  ligature  ;  and,  but  for  the  small- 
celled  infiltration  of  the  clot,  there  is  apparently  no 
indication  either  of  the  obliteration  of  the  vessel  being- 
interfered  with. 

Thirteenth  Day's  Specimen. 

General  remarks.— The  occlusion  is  complete  The 
two  ends  of  the  vessel  are  nearly  of  the  same  diameter 
both  being  rather  large;  a  plug  occupies  a  small  portion 
of  each  cul-de-sac  quite  close  to  the  ligature.  These 
plugs  had  not  to  the  naked  eye  the  appearance  of  clots. 
The  collateral  branch  is  not  more  than  ^  inch  above  the 
seat  of  ligature  (Fig.  3). 

1 .  Contents. 

The  clot  has  been  replaced  on  the  proximal  side  by  a  mass 
of  fibro-cellular  connective  tissue,  evidently  continuous  with 

he  serous  coat  of  the  vessel  (see  Fig.  13).  This  mass  of 
tissue  U  separated  from  the  muscull  coat  of  the  artery 
by  the  elastic  lamina,  which  is  still  very  distinct  Its 

ree  surface  is  very  concave.  In  the  deep  pa  ts  a  very 
few  granular  masses  of  reddish-brown  pigment  Can  be 
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recognised.  This  indicates  that  a  small  amount  of  coagu- 
lation must  have  taken  place.  The  depth  of  the  "  or- 
ganised clot "  is  less  than  -fa  inch  on  the  side  correspond- 
ing to  the  collateral  branch.  In  the  distal  side  of  the 
artery  there  is  a  smaller  mass  of  newly  formed  tissue, 
having  exactly  the  same  shape  and  relations  to  the  walls 
of  the  artery  as  the  plug  just  described.  These  two 
plugs  seem  to  be  chiefly  due  to  a  thickening  of  the  intima. 

2.  Walls. 

At  the  seat  of  constriction  both  the  inner  and  the 
middle  coats  are  absent,  as  in  the  previous  specimens,  above 
and  below  this  point. 

The  intima  becomes  gradually  thicker  towards  the 
ligature,  and  is  distinctly  continuous  with  the  laminated 
cellular  layer  covering  the  concave  surface  of  the  plug. 
The  deeper  layers  are  much  looser  in  structure,  and, 
quite  near  the  seat  of  ligature,  contain  a  few  brownish- 
yellow  granules  of  pigment  (the  remains  of  a  small 
absorbed  clot).    In  this  deeper  tissue  young  vessels  are 
seen,  and  some  have  quite  a  distinct  lumen,  but  they 
contain  no  blood.1    They  extend  as  far  as  the  elastic 
lamina,  but  there  is  no  indication  of  any  passing  through 
that  membrane.    A  few  seem  to  be  continuous  with  some- 
what wider  channels  opening  on  the  concave  surface  of 
the  plug,  but  this  appearance  is  so  rare  that  in  most 
sections  the  proximal  part  of  the  clot  seems  to  be  non- 
vascular.   The  distal  plug  is  undoubtedly  due  to  a  thick- 
ening of  the  intima;  it  contains  no  pigment,  but  has 
otherwise  the  same  structure  as  the  proximal. 

The  muscular  coat  is  much  altered  near  the  ligature  ; 
the  muscular  fibres  are  atrophied,  the  interstitial  tissue 
increased.  Many  small,  badly  formed  cells  are  also  found 
in  this  region.  All  these  changes  are  evidently  the 
indications  of  what  may  be  called  a  traumatic  interstitial 
i  Lumen  here  and  in  the  following  pages,  when  spoken  of  with  reference  to 
vessels  containing  no  blood,  is  not  meant  to  indicate  an  empty  cavity,  but  that 
of  a  clear  axial  substance. 


MEDIUM-SIZED  ARTERIES  AND  IN  TENDON  LIGATURES.  37 

leiomyositis.  They  are  more  marked  on  the  proximal 
than  on  the  distal  side. 

The  adventitious  coat  exhibits  changes  very  similar  to 
those  described  on  the  first  specimen. 

3.  Perivascular  Tissue. 

The  exudation  surrounding  the  ligature  has  very  nearly 
disappeared  ;  only  a  very  few  leucocytes,  not  even  forming 
a  continuous  layer,  remain  on  the  surface  of  the  ligature. 
The  place  of  the  exudation  has  been  taken  by  the  young 
round  and  spindle  cells  resulting  from  the  proliferation 
of  the  periarterial  connective-tissue  corpuscles.  These 
elements  form  now  two  distinct  zones. 

1.  One  in  immediate  contact  with  the  ligature,  and 
composed  of  small  round-cells,  spindle-cells,  small  giant- 
cells,  a  few  fibres,  and  small  vessels  beginning  to  form. 

2.  Another,  more  external  and  narrower,  but  more  ex- 
tensive, composed  of  large  and  small  giant-cells,  large 
round,  spindle-shaped,  and  irregular  cells  with  large 
nuclei,  bundles  of  fibrous  tissue,  and  a  few  fat-cells 
undergoing  atrophy  or  retrogressive  changes.  The  tissue 
forming  that  region  has  nearly  the  characters  of  myeloid 
sarcoma.  This  embryonic  tissue  extends  in  the  direction 
of  the  incision,  and  is  therefore  more  abundant  on  the 
knot  side  than  on  the  other.  A  few  hairs,  evidently 
accidentally  enclosed  in  the  wound,  are  found  unaltered 
and  embedded  in  the  new  tissue,  apparently  giving  rise  to 
no  special  changes. 

Some  of  these  hairs  are  covered  with  a  distinct  layer  of 
small  cells. 

4.  Ligature. 

The  ligature  itself  is  practically  unaltered ;  its  external 
surface  ,a  hardly  more  uneven  than  in  the  first  specimen  • 
he  forming  young  vessels  noticed  in  the  inner  part  of 

tendof  r6gi°n  Lardly  rea0h  the  8Urface  of  *o 
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Seventeenth  Day's  Specimen. 

General  remarks. — In  this  specimen,  as  in  the  ninth 
specimen,  there  are  very  marked  inflammatory  changes. 
The  occlusion  is  perfect  (Fig.  4). 


1 .  Contents. 

Both  the  proximal  and  the  distal  portions  of  the  artery 
are  occupied  by  vascular  young  connective  tissue.  Groups 
of  decolorised  red  blood-corpuscles  can  be  recognised  in 
the  proximal  plug,  which  is  evidently  taking  the  place  of 
the  original  clot,  which  has  now  almost  entirely  disappeared. 

The  proximal  plug  is  composed,  as  in  the  last  case, — 
1st.  Of  a  non- vascular  layer  of  flattened  cells  lining  the 
free  concave  surface  of  the  plug,  and  continuous  with  the 
endothelium  of  the  thickened  intima.  2nd.  Of  a  deeper 
part  occupying  the  rest  of  the  proximal  cul-de-sac,  and 
composed  of  bands  or  ramifying  tracts  of  spindle  or 
branched  cells.  Most  of  these  tracts  are  young  vessels 
and  have  a  distinct  lumen,  bnt  as  yet  contain  no  blood. 
Between  these  tracts  small  clumps  of  decolorised  and  very 
indistinct  red  blood-corpuscles  and  also  granules  of  pig- 
ment are  found.  These  are  the  only  remains  of  the 
original  blood-clot. 

In  the  distal  plug  (which  in  this  case  is  larger  than  in 
any  other  case)  the  thickened  tunica  intima  is  continuous, 
as  in  the  proximal  plug,  with  the  new  connective  tissue. 
This  connective  tissue  presents  the  arrangement  described 
above ;  the  young  vessels  do  not,  however,  present  so 
distinct  a  lumen,  and  the  tracts  of  cells  are  separated  by 
a  hyaline  material  which  contains  neither  red  blood- 
corpuscles  nor  blood-pigment. 

Although  the  free  superficial  layers  of  both  plugs  are 
non-vascular,  generally  speaking,  a  few  pretty  large 
vessels  extend  through  them  in  or  near  the  axis  of  the 
vessel.    The  meaning  of  this  arrangement  will  be  clear 
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after  the  description  of  the  twenty- third  day's  specimen 
has  been  given. 

2.  Walls. 

The  infiltration  of  the  arterial  walls  is  very  marked, 
chiefly  on  the  distal  side.  The  changes  in  the  intima 
have  been  described  above.  The  muscular  fibres  of  the 
media  are  much  atrophied  ;  young  vessels  begin  to  extend 
into  the  degenerated  parts,  both  from  the  intima  and  the 
adventitia.  The  adventitia  is  much  infiltrated  with  cells 
in  the  neighbourhood  of  the  ligature. 

3.  Periarterial  Tissues. 

The  ligature  is  still  partly  covered  with  exudation  pro- 
ducts, but  in  many  places  the  proliferative  zone  is  now  in 
contact  with  it.  This  zone  is  much  more  extensive  in  this 
case  than  in  the  last,  and  in  that  respect  the  specimen 
bears  a  strong  resemblance  to  the  ninth  day's  specimen. 
The  adipose  and  fibrous  tissues  are  being  replaced  by 
young  connective  tissue  as  in  the  last  specimen.  This 
process  is  extending  to  the  muscular  tissue  in  the 
neighbourhood,  which  shows  very  well  the  lesions  resulting 
from  interstitial  inflammation. 


4.  Ligature. 

The  ligature  itself  is  more  altered  than  in  previous 
specimens  with  the  exception  of  the  ninth  day.  The 
tendon  seems  to  undergo  a  partial  process  of  slow  solution 
wherever  itcomesin  contact  with  the  small  cells  surrounding 
it,  and  penetrating  into  the  fissures  or  spaces  existing  in 
the  tendon  itself  or  between  the  twisted  portions  of  the 
knot. 
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Twentieth  Day's  Specimen. 

General  remarks. — There  is  nothing  special  in  this 
specimen,  which  in  many  respects  is  similar  to  the  following 
one.    The  occlusion  is  perfect  (Fig.  5). 

The  inflammatory  tissue  changes  are  comparatively 
slight.  The  line  of  incision  is  occupied  by  cicatricial 
tissue  composed  of  spindle-shaped  cells.  The  prolifera- 
tive region  surrounds  the  ligature,  which  is  thus  encap- 
sulated. But  there  is  apparently  no  adhesion  between  the 
new  tissues  and  the  ligature,  which  can  be  easily  separated 
from  them.  The  giant-cells  are  rather  less  conspicuous 
in  this  case  than  in  the  ninth  and  thirteenth  days' 
specimens.  The  most  striking  feature  of  this  stage  is 
the  abundance  of  evidently  newly  formed  vessels  in  the 
periarterial  tissues. 

Twenty-third  Day's  Specimen. 

General  remarks. — The  occlusion  is  complete.  Most  of 
the  changes  which  we  have  to  describe  now  can  also  be 
recognised  on  the  twentieth  day;  but  the  study  of  the  artery 
on  the  twenty-third  day  is  advantageous,  as  by  that  time 
the  absorption  of  the  clot  is  completed,  and  the  beginning 
of  the  true  vascularisation  of  the  plug  of  fibrous  tissue  re- 
placing the  clot  has  become  evident  (Figs.  6,  8,  15). 


1.  Contents. 

The  proximal  side  of  the  artery  is  occupied  by  a  plug 
of  fibro-cellular  tissue;  the  length  of  that  plug  is  not 
greater  than  the  diameter  of  the  artery.  The  surface  is 
distinctly  concave,  almost  infundibuliform,  and  on  one 
side  is  flush  with  the  opening  of  a  collateral  artery,  which 
is  evidently  much  dilated.  This  plug  is  composed  of  two 
distinct  parts,  a  superficial  and  a  deep  part.  The  super- 
ficial, which  is  continuous  with  the  thickened  intima  of  the 
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patent  portions  of  the  artery,  is  not  vascular,  with  the 
exception  of  a  few  vessels  passing  to  the  deeper  layer. 

The  thrombus  itself  is  now  represented  by  a  few  small 
masses,  a  brownish-yellow  pigment  lying  in  the  midst  of 
the  newly  formed  connective  tissue  forming  the  deeper 
part  of  the  plug,  specially  in  those  parts  where  there  is 
much  clear  interstitial  substance  between  the  newly  formed 
vessels.  A  few  dark  masses  of  different  appearance  re- 
main also  in  the  most  distal  part  of  the  clot ;  and,  although 
their  nature  is  doubtful,  it  is  probable  that  they  are  simply 
remains  of  partly  absorbed  masses  of  fibrin. 

The  clear  material,  forming  a  kind  of  ground-substance 
between  the  tracts  of  cells  representing  embryonic  vessels, 
seems  to  be  in  part  a  product  of  the  destruction  of  blood- 
corpuscles  and  fibrin.  The  masses  of  pigment  above 
described  have  a  special  distribution,  which  will  be  better 
understood  after  considering  the  intima. 

2.  Walls. 

At  first  sight  the  tunica  intima  seems  to  have  simply 
become  thickened,  and  that  more  in  the  immediate  neigh- 
bourhood of  the  ligature,  and  less  at  some  distance  from 
it,  causing  thus  the  lumen  of  the  occluded  artery  to  take 
an  mfundibuliform  shape.  This  of  course  goes  entirely 
against  what  we  have  described  in  the  previous  cases,  and 
seems  to  support  the  views  of  certain  writers1  The 
meaning  of  the  appearance  can,  however,  be  easily  arrived 
at  by  a  consideration,  1st,  of  the  form  and  decree  of 
organisation  found  in  the  various  parts  of  the  organised 

L  it^g/lT)  ^  °f  ^  diStribUti°n  °f  bl-4rment 
The  proximal  depressed  surface  of  the  pW  is  seen  in 
be  Wed  by  several  layers  of  flattened  eL^lCZ^t 
of  which  branching  embryonic  vessels  are  not  found 
We  have  seen  that  such  a  layer  of  cells  was  extendi™ 
over  the  convex  surface  of  the  clot  at  an  earlier  stage.  g 

1  Qornil  and  Ranvier, 
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Beneath  that  thickened  endothelium  we  find,  on  the 
contrary,  a  somewhat  loose  tissue,  in  the  midst  of  which 


Fig  15  »— A.  Proximal  end  of  the  artery,  b.  Constricted  part  of  the 
arterv  0.  Young  connective  tissue  with  embryonic  vessels  in  and 
ahout  W  traumftic  region,  a.  Ligature.  1.  Thickened  mtima. 
5?  Point  corresponding  to  the  level  of  the  clot  before  ahsorption 
and  from  which  the  endothelium  began  to  spread  over  the  clot 
The  acuTe  Ingle  of  reflexion  has  now  been  replaced  by  an  obtuse 
Lde  owing  to  the  collapse  of  the  central  parts,  fol  owing  absorp- 
ffof  l  cS.  lxx.  See  explanation  under  lx.  lxxx.  Original 
endothelial  and  subendothelial  layers  of  the  intima .  indistinct  in 

o?  the  plug  4V  Pigmentd^mof  clot  almost  entirely  replaced 
%  young  ?;nnectiveg  tissue  with  embryonic  vessels,  x  12.  (See 
note,  Fig.  10.)  


.  This  .ectto  U  .lighB,  oMfcp..  ..ado-  not  p»»  taag.  the  a™  of 
tt  l^tiZXl-t^r^^  h.a  U  - 
mesially. 
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numerous  embryonic  vessels  with  a  distinct  lumen  are 
seen  branching ;  and  this  form  of  tissue  we  have  also  seen, 
at  an  earlier  period,  to  take  gradually  the  place  of  the 
deeper  parts  of  the  thrombus. 

As  to  the  pigment,  we  find  it  only  in  this  loose  tissue, 
both  on  the  deep  aspect  of  the  dense  layer  of  flattened 
cells  described  above,  and  in  the  more  distant  parts  of  the 
thrombus.  We  come,  therefore,  to  the  conclusion  that  the 
layers  of  flattened  cells  lining  the  funnel-shaped  depres- 
sion at  one  time  were  covering  the  convex  proximal  end 
of  the  thrombus,  and  that  it  has  been  drawn  in,  so  to 
speak,  owing  to  subsequent  absorption  of  the  subjacent 
thrombus.  As  this  membrane  was  attached  to  the  sides 
of  the  artery,  it  must  remain  fixed  there,  so  that  only  the 
central  parts  could  give  way. 

The  muscularis  is  now  much  altered. 

The  muscular  fibres  are  now  in  a  state  of  atrophy,  and 
fibrous  tissue  takes  their  place.  In  several  points  there 
are  indications  of  vessels  penetrating  from  the  tunica 
adventitia  into  the  muscular  coat,  and  in  some  places 
some  of  the  young  vessels  formed  in  the  organised 
thrombus  seem  to  pass  beyond  the  elastic  lamina  and 
penetrate  into  the  coat. 

These  changes  are  most  marked  in  the  immediate 
neighbourhood  of  the  seat  of  ligature,  and  have  probably 
given  rise  to  the  opinion  that  the  vessels  formed  in  the 
organising  thrombus  were  due  to  an  extension  of  the  vasa 
yasorum  into  the  clot  through  the  tunica  media  and  the 
intima. 

The  alterations  of  structure  of  the  adventitious  coat 
described  in  relation  with  the  fifth  day's  specimen  are 
almost  quite  as  distinct  in  this  case.  There  is,  however,  a 
marked  increase  of  vessels.  Some  of  these  vessels  are 
evidently  enlarged  and  hypertrophied  vasa  vasorum,  but 
a  great  many  others  are  newly  formed  vessels  extending 
from  the  periarterial  proliferative  zone. 

The  constricted  portion  of  the  artery  is  composed  as  in 
the  first  specimen,  of  very  little  more  than  the  external 
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fibrous  coat  of  the  artery,  no  distinct  trace  of  the  mus- 
cular coat  being  found  in  the  constricted  portion  of  the 
artery. 

3.  Periarterial  Tissue. 

There  is  no  trace  of  exudation  around  the  ligature,  but 
the  cells  of  the  proliferative  region  are  now  in  close  con- 
tact with  the  tendon,  and  in  the  most  external  portions  of 
the  knot  many  large  giant-cells  are  found.  However,  the 
new  tissues  are  not  connected  structurally  with  the 
ligature.  The  only  place  where  the  ligature  seems  to  be 
at  all  firmly  connected  with  the  tissues  is  where  it  is  in 
contact  with  the  walls  of  the  constricted  artery.  Even 
then  the  adhesion  seems  to  be  due  to  the  effects  of 
pressure,  for  no  indication  of  any  inflammatory  reaction  is 
found  in  this  portion  of  the  arterial  walls  (in  any  speci- 
men), and  on  the  other  side  there  is  no  trace  of  any 
alteration  in  the  ligature  itself. 

The  proliferative  region  is  now  rather  small  and 
well  defined ;  fatty  tissue  has  disappeared  from  that 
region,  which  is  now  made  up  of  round,  spindle,  and 
giant  cells.  The  giant- cells  are  now  found  all  through 
that  zone,  and  many  of  them  are  lying  against  the  ligature 
in  the  same  way  as  osteoclasts  might  lie  against  bone 
trabeculse  (they  are  found  all  through  this  tissue  of  new 
formation) .  This  seems  to  indicate  that  they  are  results  of 
the  irritation  of  cells.  Theyare  quite  comparable  to  phago- 
cytes, and  all  the  cells  of  the  same  nature  which  have 
been  described  under  various  names  by  various  authors 
during  the  last  forty  years.  In  the  midst  of  the  prolifera- 
tive zone,  which  therefore  must  have  filed  up  the  space 
originally  occupied  by  the  exudation,  portions  of  hairs  and 
even  of  sponge  are  found ;  they  are  embedded  in  the  new 
cellular  tissue,  and  do  not  seem  to  cause  much  disturbance 
by  their  presence.  The  giant-cells  are  apparently  a 
little  more  numerous  in  their  neighbourhood,  and  the 
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spindle-shaped  cells  are  arranged  more  or  less  concentric- 
ally around  them. 

The  most  important  features  of  this  specimen  are  cer- 
tainly increased  vascularity  of  the  periarterial  tissues, 
and  the  distinct  evidences  there  are  of  an  extension  of  the 
periarterial  and  intra-arterial  embryonic  vessels  towards 
each  other,  this  process  evidently  leading  to  the  estab- 
lishment of  a  new  set  of  vessels  through  the  degenerated 
portions  of  the  walls  of  the  obliterated  vessel. 


4.  Ligature. 

The  ligature  in  all  the  other  cases  is  in  perfect  contact 
with  the  adventitia  in  the  constricted  portion,  and  when 
it  is  m  contact  with  the  artery  it  does  not  seem  to  have 
undergone  any  change.  On  its  outer  aspect  it  is  in 
many  places  somewhat  irregular,  but  on  the  whole  the 
ligature  is  m  this  case  much  less  altered  than  in  some  of 
the  precedent  cases. 


V.  Summing  up  and  Interpretation  op  the  Changes 

OBSERVED. 

The  operation  for  ligation,  when  completed  under  the 
conditions  described  in  this  paper,  results  in- 
wall  Pre'S6nCe  '°f  a/°re^W  asePtic  lodV  round  the 
walls  of  the  artery  at  the  point  of  constriction 

2nd.  A  solution  of  continuity  in  the  periarterial  tissues. 
vesseU  CemtWn  °f         tW°  {™*  coata  of  the 

very  different  degrees  of  n lZZ       T  *  di"flMed  arteries  und<* 

brittle  and  the Z  ddle  "oat  c  ntai         &  "  ^  ^        iS  ™™  « 

matous  and  calcined  tne  10"  ar  th      ^  °  *°  The  m°re  athe™" 

beforethearterv  b^^Z&Ftfi^^  7*  ~ 
*  -  a  calcined  arte.,  it  is  evident  that  tlJe  ^ll^ZC^l 
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4th.  The  compression  of  the  external  coat. 
5th.  The  complete  obliteration  of  the  lumen  of  the 
artery  and  the  production  of  two  culs-de-sac,  a  proximal 
and  a  distal,  which  have  the  same  walls  as  the  vessel  itself, 
even  in  the  region  where  the  inner  coats  are  ruptured. 
This  effect  is  brought  about  by  the  contraction  of  the 
muscular  coat,  and  possibly  to  a  certain  extent  by  the 
elasticity  of  the  elastic  lamina,  which  leads  to  closure  of 
the  openings  of  the  divided  intima  and  muscular  coats. 
In  vessels  of  the  size  used  in  our  experiments  the  con- 
tracting coats  do  more  than  meet ;  they  become  heaped 
up  in  the  axis  of  the  vessel,  so  as  to  form  a  small  projec- 
tion into  the  cavity  of  the  artery  on  both  uides  of  the 
constricted  region ;  this  makes  occlusion  doubly  safe. 
The  opposite  sides  of  the  adventitia  being  brought  into 
close  apposition  by  the  pressure  of  the  ligature,  the  fissure 
indicating  the  cavity  of  the  vessel  can  be  entirely  dis- 
carded.    Such  is  the  state  of  the  artery  immediately 
after  tight  ligation. 

The  effects  of  the  operative  lesions  just  described  are 

the  following  : 

a  1st.  A  clot  forms  in  the  proximal  cul-de-sac,  and 
sometimes  in  the  distal  one  also.1  The  proximal  clot  ex- 
tends as  far  as  the  first  collateral  branch  above  the  liga- 
parts  of  the  intima  would  break  and  tear  the  remainder  of  the  intima  long 
before  the  lumen  was  completely  obliterated.  It  is,  therefore  evident  that  the 
tearing  of  the  inner  coats,  which  we  describe  here  as  the  result  of  a  method  of 
ligation,  would  occur,  whether  it  were  desired  or  not,  in  the  case  of  many 

dirw1row!Sfrom  the  experiments  of  other  observers,  that  when  an  artery 
is  tied  with  a  loose  ligature,  even  when  the  lumen  is  apparently  entirely 
occ  uded  (without  rupture  of  the  inner  coats),  a  thrombus  forms  both  on  the 
rroxi-al  and  distal  sides  of  the  ligature.  There  is,  therefore  apparently 
marked  difference  in  the  extent  of  thrombosis  occurring  after  fcght  and 
21  llse  ligation.  It  is  to  be  noticed,  however,  that  in  the  latter  case  a  thn 
f  id  of  coagulated  blood  extends  between  the  proximal  and  the  dutal 
strand  of  coa^at°  rf  coagulation  it  is  quite  likely  that  so  long 

"  Tore  el 7  trac  bZd  between  the  two  culs-de-sac,  thrombosis 
regtnrngTone  of  them  would  extend  to  the  other  through  that  intervemng 


tract. 
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ture.  It  is  not  formed  all  at  once  ;  coagulation  evidently 
begins  at  the  point  where  the  coats  are  divided,  and  then 
extends  gradually  (though  not  without  intermissions)  as 
far  as  the  collateral  branch,  and  even  beyond  it  on 
the  side  of  the  vessel  where  the  current  of  blood  is 
slowest. 

2nd.  Whilst  the  clot  is  formed  within  the  vessel,  lymph 
and  blood  fill  up  the  gaps  produced  by  the  knife  and 
the  needle,  and  coagulate  also. 

3rd.  All  the  parts  of  the  vessel  compressed  by  the  liga- 
ture are  rendered  bloodless  and  incapable  of  vital  reaction. 
This  is  a  result  of  pressure,  and  would  occur  whether  the 
inner  coats  were  or  were  not  divided.1 

b.  The  lesions  just  described  lead  to  further  changes  in 
the  walls  of  the  vessel  and  in  the  periarterial  tissue. 

1st.  Proliferation  of  the  cells  of  the  intima  near  the  seat 
of  ligature  and  as  far  as  the  clot  extends;  the  amount  of  pro- 
liferation is,  however,  not  uniform,  and  depends  on  several 
circumstances.  Thus,  when  there  is  no  thrombosis,  it  is  at  its 
maximum  near  the  place  of  constriction,  rapidly  diminishing 
towards  the  heart  or  towards  the  extremities.  When,  on  the 
other  hand,  there  is  a  thrombus  occupying  the  whole'  lumen 
of  the  vessel,  and  therefore  preventing  the  access  of  fluid 
blood  to  the  endothelial  surface  of  the  intima,  the  prolife- 
ration is  soon  arrested  in  the  parts  thus  covered,  and 
attains  its  maximum  near  the  surface  of  the  clot  which  is 
bathed  by  the  circulating  blood.  As  the  proximal  cul-de-sac 
of  the  artery  is  after  tight  ligature  always  occupied  by  a 
clot,  except  when  the  ligature  has  been  applied  just  below 
the  opening  of  a  collateral  branch  of  some  size,  the  growth 
of  the  uitima  takes  place  mostly  at  the  point  of  junction 
of  the  proximal  surface  of  the  clot  and  of  the  walls  of  the 
vessels,  arid  therefore  at  a  distance  from  the  seat  of  W 
ure  equal  to  the  length  of  the  clot  itself.  When  coaau- 
latum  u  incomplete,  and  an  axial  thrombus  is  formed,  pro- 

the  ShuSe  t^f?  llgatUre  aCtUdly  CaU868  ^  ^an 
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liferation  of  the  cells  of  the  inner  coat  takes  place  near  the . 
seat  of  ligature  as  if  there  was  no  thrombus  at  all. 

2nd.  Inflammatory  changes  of  the  same  kind  but  of 
much  less  importance  occur  in  the  connective-tissue  ele- 
ments of  the  adventitious  coat  on  both  sides,  and  in  the 
immediate  neighbourhood  of  the  ligature,  and  also  to  a 
still  lesser  extent  in  the  muscular  coat.  These  changes  seem 
to  be  generally  slightly  complicated  by  an  exudative  infiltra- 
tion. The  small  cells  (leucocytes)  forming  this  exudation 
sometimes  penetrate  the  clot  in  great  numbers,  but  they 
have,  as  we  have  shown,  no  share  in  the  organisation  of 
the  clot,  and  should  not  receive  the  misleading  name  of 
plastic  exudation. 

3rd.  In  the  periarterial  tissue  inflammatory  prolifera- 
tion also  occurs  all  round  the  traumatic  region. 

c.  All  the  changes  which  we  have  described  so  far  are 
already  completed  or  have  distinctly  begun  before  the 
fifth  day  after  ligature.  The  following  changes  result 
from  the  extension  of  the  elements  resulting  from  the 
proliferation  of  the  intima  and  periarterial  tissues  into 
the  decaying  clot,  arterial  walls,  and  the  periarterial  inflam- 
matory exudation,  which  undergo  gradual  absorption. 

The  intima  extends  over  the  surface  of  the  clot  and 
penetrates  into  its  sides.  At  the  same  time  the  clot  shrinks, 
and  its  proximal  part  is  rapidly  absorbed  by  the  young 
connective-tissue  corpuscles" invading  it.  The  distal  parts 
of  the  clot  are  less  altered  at  first.  The  endothelial  cells 
covering  the  surface  of  the  clot  form  a  dense  stratified 
layer ;  the  deeper  cells  proliferate  so  as  to  form  tracts  of 
spindle-cells ;  these  tracts  are  young  vessels.  The  whole 
clot  is  permeated  by  such  a  network  before  the  end  of  the 
second  week  after  ligature.  After  this  it  seems  probable 
that  the  artery  can  be  considered  as  safely  and  perma- 
nently plugged.  The  clot  is  getting  more  and  more  ab- 
sorbed, and  its  proximal  surface  sinks  in,  with  its  lining 
of  endothelial  cells.  This  surface  is  at  first  concave, 
then  funnel-shaped,  and  thus  becomes  more  and  more 
approximated  to  the  walls  of  the  vessel.    This  superficial 
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layer  is  separated  from  the  muscular  coat  by  the  deeper 
connective  tissue  containing  young  blood-vessels,  which 
have  now  a  lumen  though  they  contain  no  blood.  Ulti- 
mately these  young  vessels  continue  to  extend  by  multi- 
plication of  their  cells  through  the  muscular  coat,  and 
meet  those  extending  from  the  tunica  adventitia  and  the 
periarterial  tissue.  All  this  is  clearly  indicated  at  about 
the  end  of  the  third  week. 

d.  We  have  made  it  clear  that  we  did  not  believe  in 
the  existence  of  a  true  circulation  in  the  clot  for  at  least 
three  weeks  after  ligation.  We  admit  that  fresh  blood 
penetrates  into  fissures  produced  by  contraction  of  the  clot 
but  we  contend  that  this  is  not  equivalent  to  a  true  circula- 
tion, and  we  speak  of  it  as  a  variolation  or  a  false  vascu- 
larisahon. 

In  the  course  of  the  second  week  after  ligation  embry- 
onic vessels  become  evident  in  the  tissue  resulting  from 
the  proliferation  of  the  intima,  as  well  as  in  the  peri- 
arterial inflamed  tissues.  In  the  clot,  however,  these 
vessels  which  are  at  first  solid,  even  when  they  have  a 

before  VhT^  ^  ^  ^  PUrP0S6S  °f  ci™^°» 
before  they  communicate  with  other  vessels  which  may 

serve  as  outlets.    These  vessels,  although  temporarily  uZ 

ST  n"leSS  Vessels>  ^  the" vasJarisalZt 
this  stage  might  be  called  potential. 

After  the  third  week,  owing  to  the  inosculation  of  intra- 

Te~;"  rng  vessels  throu*h  tte 

degenerating  muscular  coat,  circulation  becomes  possible 
2^Z:l    ^  -  ^  said  to  exist  after 

e.  The  ligature  has  during  the  whole  nf  ^a  f 
gradually  but  very  slowly  abforbed     Z  fi   t  +  g0t 
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p.  The  changes  which  follow  are  only  indicated  in  our 
specimens.    They  are — 

1st.  Contraction  of  the  newly  formed  connective  tissue, 
causing  obliteration  of  the  old  vessel. 

2nd.  Complete  absorption  of  the  ligature,  and  probably 
of  all  the  parts  of  the  vessel  which  have  died  from  the 
interruption  of  their  blood  supply  by  the  pressure  of  the 
ligature  or  interference  with  the  vasa  vasorum. 

3rd.  Dilatation  of  the  large  collateral  vessels  above  the 

seat  of  ligature. 

4th.  Owing  to  the  formation  of  vascular  connective  tissue 
round  the  ligature  a  certain  amount  of  circulation  may  be  re- 
established between  the  proximal  and  the  distal  ends  of  the 
ligatured  vessel  through  the  small  newly  formed  vessel. 

5th.  The  vasa  vasorum  of  the  distal  part  of  the  vessel 
may  also  be  supplied  with  blood  by  anastomosis  with  small 
branches  derived  from  the  collateral  branches  of  the  artery 
above  the  constriction. 

Hogson  had  formerly  remarked  that  at  first,  L  e.  before 
the  complete  dilatation  of  the  collateral  branches  of  some 
size,  circulation  is  carried  out  by  innumerable  small  vessels, 
and  that  the  dilatation  of  the  smallest  was  more  marked 
than  that  of  the  largest. 

All  the  changes  we  have  just  described  are  those  which 
can  be  observed  in  a  medium-sized  healthy  artery.  We 
insist  upon  the  fact  that  we  have  not  thought  it  desirable 
to  introduce  into  this  investigation  a  consideration  of  the 
effects  of  the  size,  situation,  age  of  arteries,  or  of  the 
species  of  animal  used  for  experiment.    But  by  compar- 
ing our  results  with  those  of  other  observers  who  have 
also  applied  tight  ligature  to  various  healthy  arteries 
of  several  animals,  such  as  the  dog,  the  sheep,  the  horse 
and  even  man,  we  have  been  able  to  satisfy  ourselves  that 
our  practical  results  were  in  agreement  with  those  ot  our 
predecessors.    Our  chief  aim  now,  however  is  no  so 
much  the  discussion  of  the  question  m  all  its  practical 
details,  as  the  consideration  of  the  nature  of  the  pro- 
cesses which  lead  to  the  occlusion  of  a  vessel  the  inner 
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coats  of  which  have  been  divided  by  ligation.  These 
results  are  comparable  only  with  those  obtained  on 
similar  bases  by  other  methods,  such  as,  for  instance, 
those  which  do  not  imply  division  of  the  inner  coats. 
The  discussion  that  follows  must  therefore  be  considered 
as  one  of  principle,  and  not  as  one  of  details.  We, 
however,  know  from  a  careful  study  of  the  subject  that  the 
principles  which  we  support,  and  which  have  been  sup- 
ported by  the  great  majority  of  surgical  authorities  since 
the  time  of  Jones,  are  more  generally  applicable  in  practice 
than  the  opposite  principles.  Our  investigation  seems  to 
us  to  give  a  large  number  of  physiological  facts  in  support 
of  this  view.  It  must  be  remembered  that  we  have  had 
all  these  facts  before  us  for  more  than  five  years,  and  we 
have  seen  no  reason  to  withdraw  any  of  the  statements 
made  by  one  of  us  in  1887/  and  in  which  we  both 
concur. 


VI.  Ceiticism  of  Views  held  by  othee  Obseevees.2 

1.  Anatomico-physiological. 

The  pathologists  and  clinical  observers  who  have  studied 
the  subject  from  this  point  of  view  have  devoted  the 
greater  part  of  their  attention  to  the  ways  in  which,  1st, 
the  temporary  mechanical  obliteration  of  an  artery  brings 
about  the  permanent  organic  transformation  of  the  vessel 
into  an  impervious  cord ;  2nd,  the  interrupted  circulation 
is  re-established  by  new  channels ;  3rd,  the  ligature  is 
either  expelled  from  the  tissues  or  destroyed. 

Many  other  points  have  been  discussed  especially  by 
1  Delepine,  '  Brit.  Med.  Journ.,'  Aug.,  1887. 

a  In  this  discussion  we  will  not  allude  to  observers  who  have  written 
during  the  last  decade,  except  for  the  purpose  of  discussing  some  practical 
points.  The  views  which  we  advance  here  regarding  the  changes  occurring 
in  the  thrombus  and  walls  of  the  vessel  are  exactly  the  same  which  one  of 
us  had  already  brought  forward  in  1887.  They  have  since  been  confirmed 
by  o  her  observers.  They  differ  considerably  from  the  views  then  sup- 
ported  by  Mr.  Ballance  and  Dr.  Edmunds. 
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practical  surgeons,  but  the  three  just  mentioned  are  those 
on  which,  in  principle,  the  operation  can  be  said  to  rest. 

The  first  writers,  such  as  John  Hunter,  Jones  (1805), 
Hogson  (1815),  Stilling  (1831),  Hasse  (1846),  Kokitansky 
(1852),  Weber,  Billroth,  &c,  seem  to  have  studied  chiefly 
the  contraction  and  retraction  of  the  divided  coats,  and 
the  phenomena  evidenced  by  the  clot,  such  as  the  arrange- 
ment of  its  layers,  its  vascularisation,  its  regressive 
changes,  &c.    The  clot  was  generally  supposed  to  take  a 
part  quite  sui  generis  in  the  process  of  occlusion.  The 
fact  that  the  ligatures  were  allowed  or  desired  to  ulcerate 
their  way  through  the  coats  of  the  vessel  brought  about 
changes  of  a  special  nature.    The  destruction  of  the  coats 
of  the  vessel  at  the  seat  of  ligature  led  to  the  formation 
of  a  mass  of  young  connective  tissue,  which  rapidly  took 
the  place  of  the  destroyed  portion  of  the  artery,  and  the 
production  of  new  vessels  in  that  region  did  often  bring 
about  results  which  were  common  subjects  of  discussion 
among  the  pathologists  and  surgeons  of  the  day.  Inasmuch 
as  the  suppuration  and  ulceration  led  to  the  destruction 
of  a  portion  of  the  vessel,  the  formation  of  extensive  plugs 
above  and  below  the  seat  of  ligature  was  desirable  to  pre- 
vent the  occurrence  of  secondary  haemorrhage.  Hence 
the  importance  attached  to  the  formation  of  the  thrombus, 
to  the  retraction  and  contraction  of  the  divided  coats,  to 
the  distance  of  the  ligature  from  the  first  collateral  branch 

^Tfte^the  introduction  of  the  antiseptic  method  and  of 
aseptic  ligatures,  the  conditions  of  the  operation  became 
so  altered  that  some  jumped  to  the  conclusion  that  every- 
thing occurring  after  ligature  under  the  new  conditions 
must  differ  wholly  in  principle  from  what  had  been  pre- 
viously supposed  to  be  the  case.  This  phase  of  opinion 
loured  by  the  very  narrow  view  which  Cohnheun  had 
aken  of  inflammatory  processes,  led  to  the  publication  o 
deas  such  as  those  of  Senftleben  (1879),  the  chief  merit 
of  which  has  been  to  create  adverse  criticism  and  to  lead 
to  further  experiments. 
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Despite  the  passing  fashions  resulting  from  the  injudi- 
cious application  of  true  principles,  the  knowledge  of  the 
changes  occurring  in  vessels  after  ligature  has  been  grow- 
ing slowly,  owing  to  the  patient  and  sound  work  of  the 
observers  already  mentioned,  and  also  more  especially  of 
Virchow(1862),Waldeyer  (1867),Bubnoff  (1867), Thiersch, 
Cornil  and  Eanvier,  Durante  (1872),  Zahn  (1875),  Pitres 
(1875),  Eiedel  (1875),  Quincke  (1876),  Schultz  (1877) 
Auerbach  (1877),  Bauragarten  (1876-7), Tillmanns  (1879)' 
Shakespeare  (1879),  Raab  (1879),  Foa,  Pfitzer,  Arnaud, 
Szuman,  Hamilton  (1881) .    During  the  last  decade  several 
other  workers  have  continued  the  work  begun  by  those 
just  mentioned.     Many  other  names  might  be  included 
m  the  list. 

a.  Coagulation.— Vhchow  and   Rindfleisch  attributed 
the  blorodati011  °f        thr°mbuS  cMeQy  t0  ^agnation  of 

Brucke  (1857),  Lister  (1863),  Zahn  (1875),  Oohnheim, 
and  others  have,  on  the  contrary,  insisted  on  the  import- 
ance of  the  alteration  of  the  endothelial  surface, 
in  tZmTteU         Senftleben  h™  Wed  to  prove  that 
lake  p]atTCe       S6PtlC  COa^ulatio11  d<^ 

These  different  views  have  been  more  or  less  discussed 

IZJuy^™'        WG  C°DSid-  them  briefly  n 

the  light  of  our  own  experiments.  * 

Our  six  arteries  were  tied  by  a  skilful  operator  -  the 

tion)  ,  the  wounds  healed  without  suppuration  and  bv 
primary  intention;  yet  in  all  cases  welf 'marked  coal l/ 
tion  occurred.  We  fPfil  fT,OT.Q-P  coagula- 
theorv  of  T5a,  /  '  therefore,  convinced  that  the 
tneory  of  Baumgarten  and   Senftleben  concernW 

P  occlusion,  &c„  all  favour  the  yiew  ^  ^ 


54 


ON  THE  CHANGES  OBSERVED  IN  HEALTHY 


nation  must  have  at  least  a  share  in  the  causation  of 
thrombosis.  A  difficulty,  however,  is  raised  by  the  ab- 
sence as  a  rule  of  a  coagulum  in  the  distal  cul-de-sac, 
where  the  blood  must  be  nearly  as  stagnant  as  in  the 
proximal  cul-de-sac  of  the  artery. 

The  same  difficulty  occurs  when  Briicke's  views  are 
considered.     The  lesion  of  the  intima  is  practically  the 
same  on  both  sides  of  the  ligature,  and  yet  in  our  speci- 
mens permanent  coagulation  is  the  rule  on  the  proximal 
and  the  exception  on  the  distal  side.    Between  the  two 
the  evidence,  so  far,  is  apparently  in  favour  of  the  old 
stagnation  theory.   We  believe,  however,  that  both  theories 
are  partly  correct,  but  that  the  endothelial  lesions  are 
really  started  by  deficient  nutrition  due  to  stagnation. 
We  suspect  that  the  conditions  of  circulation  in  the  vasa 
vasorum  are  not  the  same  above  and  below  the  ligature, 
but  it  would  be  premature  to  discuss  this  view,  as  we  can 
adduce  no  experimental  proof  in  support.    It  is,  however, 
important  to  remember  that  when  double  ligature  is  applied 
to  a  vessel  no  coagulation  takes  place  in  that  vessel 
between  the  ligatures  for  some  considerable  time.  Simple 
stagnation  is  therefore  not  enough.    We  are  thus  driven 
to  consider  all  the  theories  we  have  discussed  as  incom- 
plete.   A  factor  which  has  not  been  considered  yet  may, 
perhaps,  supply  the  explanation  which  has  yet  to  be  found. 

Wheu  a  fluid  containing  solid  particles  circulates  in  a 
vessel  into  which  blind  appendices  open,  the  conditions 
of  pressure  and  of  distribution  of  solid  particles  are  not 
the  same  in  appendices  having  different  directions  and 
openings  of  various  sizes.  We  only  indicate  here  a  dif- 
ferential element,  but  the  discussion  of  this  question  would 
carry  us  beyond  the  limits  of  this  paper.1 

i  That  a  difference  exists  between  the  state  of  the  blood  in  the  proximal 
and  distal  culs-de-sac  seems  to  be  clearly  indicated  by  the  fact  that  when 
the  vessel  is  contracted  without  the  inner  coats  being  torn,  coagulation 
accord  ng  to  Mr.  Ballance)  is  always  found  ou  both  sides  of  the  hgature  As 
a    the  case  with  tight  ligature  with  which  rupture  of  the  coats  i 
Obtained,  it  is  to  be  supposed  that  when  loose  ligature  is  used  the  process  of 
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Our  first  conclusion  is,  therefore,  that  the  occurrence  of 
thrombosis  after  ligation  is  not  determined  (though  it  may 
be  modified)  by  septicity  ;  that  it  is  partly  due  to  stagnation 
of  the  blood,  and  to  certain  conditions  of  circulation  above 
the  seat  of  ligature,  and  secondarily  to  degenerative  changes 
in  the  endothelial  lining  of  the  vessel. 

b.  Organisation  of  the  thrombus. —Putting  aside  the 
view  supported  by  Weber,  Billroth,  and  others,  that  the 
clot  may  become  entirely  or  in  part  transformed  into  some 
permanent  living  tissue,  there  remain  two  antagonistic 
theories  to  consider. 

Bubnoff  (1867)  sought  to  prove  that  the  organisation  of 
the  clot  ivas  due  to  the  immigration  of  leucocytes  escaped 
by  diapedesis  from  the  vessels  around  the  artery.  Schultz 
(1877),  Senftleben  (1879),  Ziegler  (1889),  and  others  have 
supported  these  views  by  further  experiments. 

On  the  other  hand,  Waldeyer    (1867),  Oornil  and 

(1876),  Shakespeare  (1879),  Raab  (1879),  and  many  others 
have  supported  the  view  that  the  proliferative  changes 
occurring  in  the  intima  were  the  most  important  factors  in 
the  organisation  of  the  clot. 

The  facts  which  we  have  been  able  to  observe  make  it 
impossible  for  us  to  agree  with  Bubnoff   and  those 
who  think  with  him.     We  cannot  even  accept  as  satis- 
factory the  conciliatory  hypothesis  advanced  by  some 
such  as  Piitzer  and  Ziegler,  and  quite  lately  Ballanc  and 

olav  an  •  7T  t0  lmply  ttat  b°th  ^cesses  may 
play  an  important  part  in  the  organisation.  We  share 
the  views  of  Cornil  and  Eanvier  and  Waldeyer  so  well 

ZiiTLhy  r eriments  of  Da^  ^  ^  - 

speare,  &c.    We,  however,  take  exception  to  the  state 

retZt*!  °0rnil  "?  »d  ^eir"  s" 

regarding  the  reg.on  where  the  DroliferiH™   „f  n. 

mtmu  is  most  marked.  These  ebser™  s  thtk  tht  T 
Proration  is  most  evident  in  the  "  £ 
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ligature.     We  found,  however,  that  this  was  the  case 
only  (the  inner  coats  being  ruptured)  when  there  was 
little  or  no  thrombosis.1     When  there  was  a  marked 
clot,  the  proliferation  of  the  cells  of  the  intima  was  most 
marked  at  the  level  of  the  proximal  end  of  the  thrombus, 
and  therefore   separated  from  the  ligature  by  a  space 
equal  to  the  length  of  the  thrombus.     Shakespeare  has 
noticed  in  one  of  his  experiments  a  marked  thickening 
of  the  intima  at  a  certain  distance  from  the  ligature,  but 
under  the  influence  of  Cornil  and  Eanvier's  views  he 
tried  to  explain  this  by  supposing  that  he  had  held  the 
vessel  with  forceps  at  that  place.    We  may  add  here  that 
we  have  not  only  observed  the  part  which  the  tunica 
intima  takes  in  the  organisation  of  the  thrombus,  but  can 
furnish  by  one  of  our  specimens  a  demonstration  of  the 
passivity  of  the  migrated  leucocytes.    In  our  second 
specimen  we  have  shown  how  the  deep  parts  of  the 
thrombus  were  invaded  by  an  army  of  leucocytes  coming 
from  the  vasa  vasorum  and  periarterial  vessels.  These 
leucocytes  were  most  abundant  in  that  part  of  the  clot 
which  showed  little  if  any  sign  of  organisation,  and 
which  by  comparison  with  the  other  specimen  was  the 
very  part  of  the  thrombus  which  disappeared  by  absorp- 
tion without  being  permeated  by  embryonic  tissue.  Such 
a  fact,  bringing  into  contrast  the  two  processes,  shows 
clearly  that  the  essential  factor  in  the  organisation  of 
the  thrombus  is  the  proHferation  of  the  cells  of  the 
intima  in  the  parts  where  they  can  be  reached  by  the 
blood. 

c.  The  vascularisation  of  the  thrombus  has  been  as 
great  a  source  of  discussion  as  those  questions  which  we 
have  already  dealt  with. 

Early  writers— for  instance,  Stilling  (1834)— described 

i  When  there  is  no  or  little  thrombosis,  or  when  there  is  only  an  axial 
fusiform  clot,  as  is  often  the  case  when  the  inner  coats  are  not  ruptured,  fluid 
blood  can  reach  the  intima  as  far  down  as  the  place  of  constriction  ;  this  we 
suppose,  is  the  only  explanation  of  the  difference  existing  m  the  seat  of 
proliferation  of  the  intima  between  tight  and  loose  ligature, 
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the  appearance  of  vessels  in  the  thrombus  without  giving 
any  distinct  opinion  as  to  their  mode  of  origin.  These 
observations  were  chiefly  based  on  the  study  of  injected 
specimens.     Stilling  noticed  that  in  recent  thrombi  the 
periphery  was  more  readily  injected,  whilst  in  old  thrombi 
the  reverse  was  the  case.     From  our  observations  it  seems 
evident  that  the  canals  injected  by  Stilling  in  recent 
thrombi  were  not  vessels  at  all,  but  simply  spaces  produced 
by  the  shrinking  of  the  fibrin ;  whilst  those  injected  in 
older  thrombi  were  the  true  vessels  formed  during  organi- 
sation,  vessels  which,  as  we  have  shown,  cannot  be 
efficient,  because  not  channelled,  before  the  end  of  the 
second  or  third  week. 

Rokitansky  (1852)  went  so  far  as  to  say  that  he  had 
never  observed  the  formation  of  vessels  in  a  thrombus. 
Cornil  and  Ranvier  think  that  the  vascularisation  of  the 
clot  is  brought  about  by  the  growth  of  vessels  extending 
from  the  vasa  vasorum  into  the  lumen  of  the  vessel  filled 
by  the  thrombus.  This  would  take  place  at  the  end  of 
the  artery  where  the  tunica  media  has  disappeared,  and 
the  new  vessels  would  extend  within  the  granulations 
containing  them  in  a  direction  parallel  to  the  axis  of  the 
vessel,  and  grow  towards  the  heart. 

Hamilton  (1881)  believes  that  the  extension  of  the 
vessels  takes  place  in  the  form  of  loops,  which  penetrate 
into  the  clot  as  they  would  into  a  sponge. 

Schultz  (1877)  reverts  to  the  old  idea  that  vascularisa- 
tion begins  within  the  lumen  of  the  vessels,  and  evidently 
admits  an  independent  formation  of  vessels  within  the 
clot,  but  believes  that  the  organisation  depends  on  the 
immigrated  leucocytes. 

Ziegler  suggests  that  at  first,  at  any  rate,  the  vascu- 
ansation  described  by  Schultz  is  not  a  true  vascularisa- 
tion. 

From  what  we  have  already  said  it  will  be  evident 
that  none  of  the  hypotheses  just  mentioned  cover  all  the 
tacts  which  we  have  observed. 

We  think  we  have  proved  
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1st.  That  in  a  recent  thrombus  irregular  channels  are 
produced  by  shrinking,  and  that  the  blood  penetrating 
into  these  channels  or  spaces  coagulates  after  a  time. 
This  false  vascularisation  is  the  only  form  of  canalisation 
observed  during  the  first  ten  days. 

2nd.  That  the  proliferating  cells  of  the  intima  are 
arranged  in  the  young  connective  tissue  invading  the  clot 
in  the  same  way  as  in  other  forms  of  young  connective 
tissue.  Branching  tracts  of  spindle-shaped  cells  are  thus 
formed,  and  produce  the  appearance  of  a  vascular  net- 
work. There  is,  however,  no  true  circulation  through 
these  vessels,  most  of  which  have  no  lumen.  This  con- 
dition may  be  called  potential  vascularisation. 

3rd.   That  after  a  time  the  inflammatory  changes 
affecting  the  coats  of  the  vessel  lead  to  the  formation  of 
young  vessels  continuous  with  the  vasa  vasorum,  and  ex- 
tending through   the  degenerated  middle  coat  towards 
the  obliterated  lumen  as  well  as  in  other  directions,  and 
that  ultimately  the  young  periarterial  and  endoarterial 
vessels  thus  formed  meet  and  inosculate.    It  is  only 
after  this  inosculation  that  true    circulation  becomes 
possible.    Such  circulation  does  not  probably  take  place  in 
a  medium-sized  artery  before  the  twentieth  day.    Now  it 
is  evident  that  when  it  was  customary  to  let  the  ligature 
ulcerate  through  the  coats  of  the  vessel  there  was  for  a 
while  between  the  two  gaping  ends  of  the  artery  a  tract 
of  young  connective  tissue.    This  tract  gradually  became 
continuous  with  the  young  connective-tissue  plug  which 
had  replaced  the  absorbed  thrombi.    The  blood  contained 
in  the  vessel  above  and  below  the  point  of  constriction 
was  therefore  separated  by  a  bridge  of  vascular  connec- 
tive tissue     We  have  shown  that,  as  the  superficial  parts 
of  the  clot  are  rapidly  organised  while  the  deeper  parts 
of  the  clot  (which  the  nutrient  fluid  cannot  reach  and 
where  organisation  is  rather  deficient)  are  absorbed,  the 
surface  of  the  plug  becomes  gradually  more  and  more 
concave,  and  sometimes  even  infundibuliform  Conse- 
quently most  of  the  blood-stream  is  directed  towards 
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the  central  portions  of  the  vascular  plug,  and  there  is  a 
tendency  for  the  central  channels  to  enlarge.  This 
explains  the  formation  of  the  central  vessels  found  at 
various  intervals   after  ligation,  which  have  attracted 
the  attention  of  Lobstein,  Stilling,  Blandin,  and  others. 
The  arborescent  sproutings  of  vessels  described  by  Jones, 
Bbel,  Manec,  &c,  do  not  invalidate  this  explanation. 
In  fact,  Stilling  observed  that  sometimes  the  central 
vessel  did  branch.    In  all  the  cases  just  alluded  to  the 
partial  re-establishment  of  circulation  had  taken  place 
very  slowly,  for  the  observations  relate  to  vessels  which 
had  already  been  tied  for  months  or  for  years.     This  kind 
of  circulation  is,  therefore,  of  little  practical  interest,  since, 
by  the  time  it  becomes  evident,  the  usual  collateral  cir- 
culation is  already  fully  established,  and  the  lesions  for 
which  the  artery  had  been  tied  either  cured  or  beyond 
the  reach  of  treatment  by  ligation. 

It  is  perfectly  evident  that  when  a  tight  ligature  is 
used  secondary  channels  may  form  between  the  two  ends 
of  the  constricted  vessel.    Equally  patent  is  the  fact  that 
so  long  as  the  ligature  and  the  portion  of  adventitia 
which  it  encloses  are  not  absorbed,  the  new  channels 
must  pass  round  the  ligature.     Messrs.  Ballance  and 
Edmunds  have  found  that  seventy-three  days  after  ligation 
the  ligature  was  not  yet  entirely  absorbed.    It  is  therefore 
evident  that  a  direct  intermediate  central  vessel  would  not 
he  likely  to  be  established  before  the  end  of  three  months 
when  the  ligature  is  applied  tightly.    As  we  have  seen 
this  formation  of  a  central  vessel  is  of  no  moment  what- 
ever unless  it  occurs  so  rapidly  after  ligation  as  to  permit 
the  re-establishment  of  the  flow  of  blood  before  the  desired 
effects  of  ligation  have  taken  place.    Messrs.  Ballance 
and  Edmunds  have  shown  in  their  experiments  that  when 
a  ligature  is  so  loosely  applied  as  to  cause  only  slight  con- 
striction of  the  vessel  there  is  no  complete  obliteration  of 
the  lumen  of  the  vessel  forty-four,  fifty-eight,  and  even 
seventy-three  days  after  ligation •  in  two  of  their  cases  a 
loose  clot  existed  at  the  seat  of  constriction,  but  such  a 
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clot  would  be  a  poor  guarantee  of  obstruction,  specially 
in  the  case  of  large  vessels  and  in  case  of  suppuration,  as 
shown  by  their  experiment  No.  18.1 

D.  Fate  of  the  ligature. — From  our  observations  it 
seems  evident  that  after  the  first  irritation  caused  by  the 
operation  has  subsided,  the  tendon  ligature  remains  in 
the  tissues  as  a  non-irritating  foreign  body.  Absorption 
of  the  tendon  goes  on  slowly,  but  long  before  the  process 
is  complete  a  kind  of  capsule  of  vascular  young  connec- 
tive tissue  surrounds  the  ligature  in  every  direction,  that 
of  the  vessel  excepted.  The  ligature,  therefore,  continues 
to  support  and  constrict  the  vessel  until  it  is  entirely 
replaced  by  connective  tissue.  The  process  of  solution  of 
the  ligature  takes  place  wherever  the  living  tissues  come 
in  contact  with  it,  and  is  more  rapid  where  the  ligature 
is  split  into  fibrils  or  small  bands  than  where  it  is  smooth 
and  forms  dense  tracts. 

e.  Changes  observed  in  the  traumatic  and  irritative 
periarterial  regions.  These  are  interesting,  as  they  show 
distinctly  the  relations  which  proliferative  and  exudative 
changes  bear  to  the  healing  process.  It  is  evident  from 
our  experiments  that,  however  perfect  the  process  of 
healing  may  be,  there  is  always  a  slight  amount  of 
inflammatory  exudation,  specially  where,  owing  to  the 
presence  of  a  foreign  body  (such  as  a  ligature),  parts 
cannot  be  brought  in  absolute  contact.  This  exudation 
has  all  the  anatomical  characters  ascribed  to  croupous 
exudation;  it  is  composed  of  leucocytes,  red  blood- 
corpuscles,  and  plasma,  from  which  a  network  of  fibrin 
soon  precipitates.  As  in  the  case  of  other  croupous 
exudations,  these  products  show  no  tendency  towards 
organisation,  but  soon  degenerate  and  are  absorbed.  On 
the  other  hand,  proliferation  of  cells  takes  place  actively 
in  the  surrounding  connective  tissue,  even  the  adipose 
cells  showing  active  signs  of  proliferative  activity.  Then 
the  fat  is  absorbed,  the  nuclei  multiply,  giant-cells  are 
formed  in  the  midst  of  the  young  sarcomatous-lookmg 
i  « Med.-Chir.  Trans.,'  vol.  lxix  (1886),  p.  456. 
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tissue,  especially  round  the  foreign  bodies  which  are  in 
the  wound.  In  no  case  has  it  been  possible  to  find  any 
evidence  of  the  formation  of  the  giant-cells  by  the  coales- 
cence of  leucocytes,  whilst  in  many  places  these  cells 
were  found  to  have  the  relations  of  ordinary  connective- 
tissue  corpuscles  or  fat-cells.  Gradually,  as  the  exudation 
is  absorbed,  this  young  sarcomatous  tissue  comes  in  con- 
tact with  the  ligature,  and  shows  at  first  embryonic 
potential  vessels,  and  afterwards  pervious  or  effective 
ones.  The  absorption  of  the  periarterial  exudation  takes 
place  at  the  same  time  as  that  of  the  clot,  or  perhaps  a 
little  more  rapidly,  so  that  the  process  of  organisation 
goes  on  at  the  same  time  without  and  within  the  vessel, 
and  is  brought  about  by  proliferation  of  pre-existing 
connective -tissue  cells. 


2.  Olinical. 


Whether  it  is  the  best  practice  to  tie  an  artery,  in  its 
continuity,  by  a  tight  or  a  loose  ligature,  is  an  old  but,  as 
will  be  recognised,  a  still  debated  question.     By  tight 
ligature  we  signify  rupture  of  the  inner  coats  of  the 
vessel,  while  the  loose  ligature  aims  at  occlusion  by  mere 
compression  of  the  arterial  walls.    The  adoption  "of  the 
antiseptic  system,  the  possibility  of  applying  an  aseptic, 
absorbable  ligature  through  an  aseptic  wound,  allows  us 
at  the  present  time  to  survey  the  whole  matter  from  an 
entirely  new  aspect,  and  the  greater  part  of  the  existing 
literature  on  the  subject  deals  with  matters  now  beside  the 
question,  and  with  conditions  which  need  no  longer  exist 
Even  with  this  state  of  affairs  it  is  said  that  loose  ligation 
is  the  best,  the  most  scientific,  and  the  safest  proceeding 
lo  this  contention  we  wholly  demur,  traversing  all  the 
three  arguments  alleged  above  in  its  favour. 

Experiments  made  under  the  favorable  conditions  of  the 
physiological  laboratory  on  the  perfectly  healthy  arteries 
of  young  animals  cannot  of  course  settle-  such  questions 
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considered  in  their  practical  or  clinical  aspects.  Still  they 
furnish  invaluable  information,  for  they  illustrate  the 
typical  changes  taking  place  in  the  normal  mode  of 
repair.  All  the  knowledge  gained  by  these  experiments 
has,  so  to  speak,  to  be  translated  into  the  language  of 
practical  surgery.  Viewed  in  this  light,  the  results  of 
our  experiments  furnish,  to  our  minds,  strong  arguments 
in  favour  of  tight  ligation. 

For  the  sake  of  convenience,  and  because  the  various 
branches  of  the  subject  are  clearly  and  exhaustively  set 
forth,  we  will  adopt  generally  the  headings  given  by 
Messrs.  Ballance  and  Edmunds  in  their  paper1  advocating 
the  advantages  of  the  loose  or  occluding  ligature.  The  case 
for  ligation  without  rupture  of  the  internal  coats  could 
hardly  be  better  stated  than  it  is  in  this  communication. 

It  appears  to  be  generally  conceded  that  the  properties 
of  a  ligature  are  good  when  the  material  is  uniform  in 
structure  and  behaviour ;  in  addition  it  must  be  strong, 
unirritating,  easily  rendered  perfectly  aseptic,  slowly  ab- 
sorbed, and  capable  of  being  tied  with  a  close  knot  which 
is  not  liable  to  slip.  Whether  kangaroo  tendon,  ox  aorta, 
whale  tendon,  or  catgut  be  used  matters  comparatively 
little,  especially  if  the  ligature  is  tied  tightly.  We  may 
say  at  once,  however,  that  kangaroo  tendon  seems  to  us 
by  far  the  best  of  the  materials  enumerated.  In  the  case 
of  loose  ligation  the  quality  of  the  particular  material  em- 
ployed becomes  at  once  a  question  of  importance.  A 
defective  catgut  ligature,  for  instance,  might  be  too 
rapidly  absorbed,  and  this  defect  would  be  likely  to  lead 
to  too  rapid  return  of  the  blood-stream  through  a  loosely 
lio-atured  artery.  Such  a  mischance  would  matter  but 
little  in  a  laboratory  experiment.  The  artery  might 
return  almost  to  the  normal  state  it  was  in  before  ligature, 
or  an  interesting  diaphragm  be  formed  owing  to  the  per- 
foration of  the  web  of  proliferating  intima-cells  stretching 
across  the  lumen  of  the  vessels.  But  if  the  artery  had 
been  tied  for  aneurism  the  chance  of  cure  would  have 
i  <  Med.-Chir.  Trans.,'  vol.  lxix,  p.  463. 
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been  much  diminished.  It  must  be  remembered  that,  in 
pi'actice,  when  an  artery  is  tied  we  do  not  only  require  to 
safeguard  against  secondary  haemorrhage ;  a  distinct 
object  has  to  be  gained,  such  as  the  cure  of  an  aneurism 
or  the  control  of  hsemorrhage  from  some  more  distal 
vessel  which  cannot  be  secured  locally.  One  of  us  had 
recently  under  his  care  a  case  in  point.  A  man,  aged 
sixty,  had  severe  haemorrhage  from  a  cancerous  ulceration 
in  the  floor  of  the  mouth.  Half  of  the  tongue  had  been 
removed  six  months  previously.  In  three  attacks  the 
patient  lost  90  oz.  of  blood,  on  one  of  these  occasions 
losing  60  oz.  Local  remedies  proved  fruitless.  Ligature  of 
the  lingual  artery  was  rendered  impossible  by  the  presence 
of  extensive  cancerous  infiltration  under  the  jaw  and  in 
the  neck.  The  rather  unorthodox  treatment  was  there- 
fore adopted  of  ligaturing  the  common  carotid.  The 
vessel  was  far  from  healthy,  and  very  slight  traction  on 
the  tendon  ligature  caused  the  internal  coats  to  give  way 
distinctly.  The  wound  healed  by  first  intention,  and  there 
was  no  further  return  of  the  haemorrhage. 

The  more  certain  a  ligature  is  of  occluding  the  vessel 
permanently  the  better  is  it  suited  for  its  purpose.  In 
double  distal  ligature  of  the  carotid  and  subclavian  for 
thoracic  aneurism  the  re-establishment  of  the  circulation 
through  the  main  vessels  which  had  been  temporarily 
obstructed  might,  even  after  a  long  period,  vitiate  any 
benefit  gained  by  the  operation. 

Catgut,  being  formed  of  several  different  tissues 
twisted  together,  can  never  be  quite  so  reliable  as  a 
material  nor  so  homogeneous  as  tendon.  The  behaviour 
of  catgut  when  buried  in  the  tissues  is  also  a  matter 
of  some  uncertainty,  and  in  the  case  of  loose  ligation, 
when  it  is  of  extreme  importance  that  the  ligature 
should  remain  as  long  as  possible  in  proper  contact 
with  the  arterial  wall,  this  uncertainty  becomes  a  matter 
of  serious  moment.  No  doubt  the  defect  inherent  in 
catgut  is  neutralised  to  a  very  great  extent  by  chromicising 
the  ligature,  but  this  process  renders  the  material  hard 
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and  less  adapted  to  be  tied  with  a  properly  close  knot.  We 
may  mention  here  that  although  the  experiments  described 
above  were  made  with  a  chromicised  tendon,  we  now  think 
that  this  mode  of  preparation  is  not  really  of  any  advan- 
tage, and  that  by  impairing  the  suppleness  of  the  tendon 
it  interferes  with  its  efficiency.  The  main  point,  however, 
is  not  so  much  noio  the  choice  of  material  as  the  choice  of  a 
method  of  ligation  which  enables  the  surgeon  to  select  what- 
ever material  he  may  chance  to  prefer.  A  tendon  may,  of 
course,  be  found  defective  though  most  carefully  selected 
and  prepared.  Still,  in  our  opinion,  the  risk  resulting  from 
a  defective  ligature,  or  of  one  that  undergoes  too  rapid  ab- 
sorption, is  less  if  the  first  knot  be  tied  firmly,  whatever 
the  material  used.  It  has  been  urged,  as  an  argument 
against  tight  ligation,  that  it  is  not  justifiable  to  do  more 
than  is  absolutely  necessary  to  attain  the  end  in  view. 
The  epithet  is  too  strong  in  a  matter  in  which  there  is 
much  to  be  said  on  both  sides  of  the  question.  To  our 
minds  it  is  dangerous  to  lay  down  an  arbitrary  minimum 
standard  inapplicable  to  all  cases.  The  very  expression 
"  rupture  "  of  the  coats  appears  to  shock  some  people,  and 
to  imply  that  the  knot  of  the  ligature  is  drawn  not  so  much 
with  firmness,  decision,  and  a  sense  of  a  distinct  end  to 
be  achieved,  as  with  a  species  of  surgical  brutality.  The 
gentleness  and  gwasi-refinement  of  the  one  procedure  are 
contrasted  with  the  rough  coarseness  of  the  other.  But 
the  rupture  of  the  coats  will  usually  occur,  whether  it  is 
desired  or  not,  whenever  these  coats  are  much  diseased  and 
stiff  and  the  artery  is  sufficiently  constricted  as  to  cause 
occlusion.  Some  margin  should  be  allowed ;  and  the  safest 
practice  appears  to  us  to  be  to  do  no  less  than  circumstances 
may  possibly  demand.  Tight  ligation  allows  such  a  margin, 
and  does  so,  as  we  have  endeavoured  in  part  already  to 
show,  without  incurring  any  extra  risk  or  even  disadvan- 
tage. We  find  ourselves  unable  to  subscribe  to  the 
opinion  that  under  the  antiseptic  system  it  does  not  matter 
whether  the  internal  tunics  be  ruptured  or  not.  We 
think  it  is  decidedly  better  to  rupture  them .   Nor  will  such 
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evil  consequences  follow,  with  tig-Tit  ligation,  if  asepsis  fails 
to  be  maintained  in  the  wound.  The  best  results  will  be 
secured  when  asepticity  is  complete,  and  it  is  of  para- 
mount importance  to  secure  such  a  condition.  Still, 
failure  in  this  respect  may  occur.  Concerning  ourselves 
now  only  with  the  local  consequences,  we  should  expect 
that,  in  a  septic  wound,  the  ligature  would  be  much  more 
rapidly  consumed  or  absorbed.  But  the  occlusion  of  the 
vessel  will  have  been  secured,  as  our  specimens  demon- 
strate, in  the  most  rapid  and  efficient  manner,  and.  the 
operation,  considered  in  its  mechanical  aspects,  will  have 
had  the  best  chance  of  bringing  about  the  results  aimed, 
at.  Tight  ligation,  therefore,  allows  a  margin,  and  one 
that  it  is  very  desirable  to  provide,  for  possible  failure  in 
the  endeavour  to  secure  asepsis. 

The  restoration  of  the  natural  channel  through  the  liga- 
tured portion  of  the  artery,  already  referred  to,  must  always 
be  a  matter  of  uncertainty.  If  the  knot  of  a  loosely  tied 
ligature  gave  way  almost  immediately  after  ligation  the 
lumen  of  the  vessel  might  be  restored  intact.  But  a  con- 
siderable time  must,  under  more  ordinary  circumstances, 
elapse  before  a  diaphragm  is  formed,  or  the  occlusion,  com- 
plete for  a  while,  is  tunnelled  through.  Such  restoration 
will  only  occur  after  loose  ligation.  By  some  this  contin- 
gency is  considered  desirable.  We  hold  the  opposite 
opinion.  The  assumption  that  the  nutrition  of  a  limb, 
threatened  by  the  ligation  of  its  main  artery,  would  be  saved 
by  the  restoration  of  the  temporarily  occluded  channel,  is 
very  theoretical .  The  limb  would  die  if  deprived  wholly  of 
blood  for,  say,  twenty-four  hours.  Any  portion  of  the 
limb  would  become  gangrenous  if  similarly  starved.  The 
period  at  which  the  vitality  of  a  limb  is  most  imperilled 
is  during  the  first  few  hours  after  ligature.  Subsequently 
the  efficiency  of  the  collaterals  becomes  more  pronounced. 
The  aneurism,  if  there  be  one,  diminishes  in  bulk,  and  the 
obstruction  is  thereby  lessened.  By  the  time  that  the 
lumen  of  the  ligatured  vessel  could  be  safely  restored 
without  prejudice  to  the  condition  for  which  ligation  was 
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performed,  the  circulation  through  the  limb  is  already  as 
perfect  as  it  need  be.  No  good  can  really  come  of  the 
reopening  of  the  closed  channel.  It  is  much  more  likely 
in  practice  that  harm  might  result.  The  best  imaginable 
condition  after  ligature  of  a  main  artery  for  aneurism  is 
for  the  nutrition  to  be  perfectly  maintained  by  means  of 
the  collateral  circulation.  If  this  physiological  result  be 
secured,  there  is  no  need  to  trouble  about  the  absolute 
restitution  of  the  anatomical  condition.  The  latter,  in 
fact,  would  only  tend  to  make  the  return  of  aneurism 
more  probable. 

In  the  event  of  suppuration  occurring  at  the  seat  of 
ligature,  the  method  of  tight  ligation  still  offers,  to  our 
minds,  the  greater  security.  One  of  two  conditions 
may  occur.  Either  an  abscess  may  form  round  the  con- 
stricted vessel,  the  ligature  still  remaining  in  situ;  or, 
secondly,  the  loop  may  cut  its  way  through  the  vessel, 
which  being  thus  divided  allows  the  pus  to  have  access 
between  the  ends.  If  the  abscess  occurs  round  the  vessel, 
ulceration  may  take  place  into  it,  and  lead  to  fatal  ha3mor- 
rhage.  Specimens  abound  in  museums  illustrating  this 
process,  one  that  has  been  admirably  treated  of  by  Syme1 
and  many  other  writers.  Now,  the  more  natural  the  condi- 
tion of  the  artery,  the  greater  is  the  risk  of  the  haemor- 
rhage resulting  from  such  ulceration,  for  the  opening  is 
made  into  a  vessel  in  which  the  full  blood-stream  is  flow- 
ing. The  ligatured  artery  is  safer  than  the  sound  one. 
The  greater  the  extent  of  occlusion  and  the  less  the  blood- 

1  '  Contributions  to  the  Path,  and  Pracfc.  of  Surgery/  1848.  On  p  267 
Syme  writes  : — "  As  this  case  (q.  v.),  together  with  others  of  haemorrhage 
under  similar  circumstances,  has  been  referred  to  in  support  of  the  opinion 
that  an  abscess  may  be  converted  into  an  aneurism  by  ulceration  of  a  con- 
tiguous arterial  trunk,  I  think  it  right  to  remark  that  although  arteries 
frequently  open  on  the  surfaces  of  sinuses  and  ulcerated  cavities,  the  only 
instance  of  communication  with  an  abscess  on  record  is  the  one  supposed  to 
have  occurred  in  University  College  Hospital."  The  meaning  probably  is 
that,  when  ulceration  into  an  artery  takes  place  under  the  circumstances 
external  haemorrhage  is  the  common  result,  and  an  aneurism  is  unlikely  to 
form.  After  an  opening  has  formed  into  the  artery  the  perforation  has 
frequently  been  found  closed  by  a  coagulum. 
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current  in  it,  the  smaller  the  risk  of  grave  haemorrhage. 
Abscess  is  not  more  likely  to  occur  after  tight  than  it  is 
after  loose  ligation.  The  occurrence  of  suppuration  is, 
indeed,  a  question  of  septicity,  and  not  of  tight  or  loose 
ligation.  Our  specimens  show  that  a  good  length  of 
vessel — in  our  opinion  more  than  follows  the  use  of  the 
loose  ligature — is  absolutely  rendered  impervious ;  and  it 
follows,  therefore,  that  the  danger  from  this  source  after 
tight  ligation  is  at  least  no  greater  than  by  the  other 
method. 

x  Secondly,  it  is  said  the  ligature  may  cut  through  the 
adventitia.  Experiments  and  practice  appear  alike  to 
show  that  a  tightly  tied  absorbable  aseptic  ligature  does 
not  as  a  matter  of  fact  cut  its  way  through  the  vessel,  but 
remains  embracing  the  artery  after  many  days.  If  the 
ligature  has  irritating  properties,  such  as  badly  prepared 
catgut  may  possess,  it  might  work  its  way  through  the 
coats  whether  it  be  tied  tightly  or  loosely.  The  more 
perfect  and  more  rapid  occlusion  secured  by  tight  ligature 
still  has  the  advantage  in  preventing  serious  consequences 
from  any  such  mischance.  Or  the  loop  of  the  ligature 
may  dissolve  with  undue  rapidity,  so  that  the  knot  with 
two  free  ends  is  set  loose.  Still  the  processes  set  up  by  the 
tight  ligation  render  the  accident  of  less  consequence  than 
would  be  the  case  with  loose  ligation ;  for  here,  again,  the 
more  complete  and  quick  closure  resulting  from  the  former 
process  offers  the  best  chance  of  safety  under  the  condi- 
tions. Should  any  of  these  accidents  happen  after  loose 
ligation,  there  is  really  little  save  a  slightly  adherent  clot 
in  the  vessel  to  prevent  haamorrhage. 

The  danger  sometimes  supposed  to  result  from  the  tight 
ligation  of  arteries  in  an  advanced  state  of  degeneration  is, 
we  think,  rather  theoretical.  It  must  be  borne  in  mind 
that  atheromatous  degeneration  commences  in  the  deeper 
parts  of  the  intima,  and  extends  gradually  outwards.  The 
altered  internal  tunics,  therefore,  would  be  ruptured  with 
more  ease,  and  in  a  degenerated  vessel  might  even  be 
divided,  when  the  intention  was  merely  to  compress  them. 
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We  believe  that  security  is  perfectly  maintained  if  these 
inner  coats  are  cut  through.  No  doubt  it  is  unnecessary 
to  tie  the  ligature  as  tightly  on  a  diseased  vessel  as  on  a 
healthy  one  in  order  to  effect  the  rupture.  But  a  very 
large  margin  is  allowed,  for  with  a  flat  ligature  a  degree 
of  force  that  no  operator  could  practically  employ  would 
be  necessary  to  cut  through  the  adventitia  even  in  a  very 
rigid  vessel.  The  giving  way  of  the  inner  coats  will  be 
felt  distinctly  as  the  knot  is  closed,  and  this  unmistakable 
sensation  enables  the  operator  to  estimate  to  a  nicety  the 
force  required.  In  tying  an  artery  for  aneurism  it  is  best 
to  assume  that  the  vessel  is  in  a  diseased  state.  In  practice, 
as  far  as  our  researches  and  experience  extend,  no  evil 
results  have  followed  tight  ligation  of  diseased  vessels  with 
tendon  ligatures,  and  we  believe  this  to  be  not  only  safe, 
but  also  the  best  practice.  Flat  ligatures  offer  on  the 
whole  the  greatest  advantages.  The  knot  is  closer  and 
more  compact  than  in  round  ligatures,  and  the  shape 
enables  the  band  to  support  the  vessel  more  efficiently. 
When  flat  ligatures  are  used,  however,  it  is  of  importance 
to  bear  in  mind  that  the  ligature  should  be  drawn  tight 
slowly,  and  the  second  knot  should  also  be  closed  without 
any  jerk. 

We  wish  it  to  be  clearly  understood  that  we  do  not 
dispute  the  fact  that  by  means  of  the  loose  ligature  perfect 
occlusion  can  be  obtained  in  an  artery  under  suitable  condi- 
tions. The  results  obtained  by  acupressure  gave  proof 
that  it  was  possible  to  occlude  an  artery  by  simply  approxi- 
mating the  walls  by  moderate  pressure  for  a  short  time. 
But  this  practice  was  but  short-lived,  for  it  was  found  to 
be  inconvenient  and  of  uncertain  efficiency.  It  is  probable 
that  many  of  the  arteries  tied  in  a  large  wound,  such  as 
that  of  an  amputation,  do  not  have  their  inner  coats  rup- 
tured. Again,  attempts  were  made  at  one  time,  though 
not,  we  believe,  in  this  country,  to  bring  about  the  perma- 
nent occlusion  of  an  artery  in  its  continuity  by  means  of 
gently  pressing  together  the  walls,  a  special  form  of  arterial 
clamp  being  used  for  the  purpose.    This  practice,  however, 
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was  soon  abandoned.  Loose  ligature  is  decidedly  prefer- 
able to  any  such,  method.  Our  contention  is  that  the  firm 
ligature  also  occludes  perfectly,  while  it  is  applicable  to 
more — in  f act,  to  all  cases ;  further ,  it  is  the  safest  method 
when  the  healthiness  of  the  ligatured  vessel  is  a  matter  of 
doubt. 


VII.  General  Conclusions. 

I.  We  advocate  the  practice  of  tight  as  preferable  to 
that  of  loose  ligation,  at  least  as  far  as  general  application 
is  concerned, — 1.  Because  it  ensures  more  complete  and 
permanent  obliteration  of  the  vessel.  2.  It  brings  about 
the  desired  condition  with  more  rapidity.  3.  It  prevents 
possible  re-establishment  of  circulation  through  the  vessel. 
4.  It  gives  more  uniform  results.  5.  It  requires  less  skill. 
Any  error  in  the  direction  of  tying  the  artery  with  more 
force  than  is  actually  required  will  lead  to  no  bad  conse- 
quences. 6.  It  allows  a  margin  for  any  possible  complica- 
tions that  may  arise. 

II.  The  use  of  an  aseptic  tendon  ligature  is  recommended 
— 1.  Because  such  ligatures  are  very  uniform  in  structure 
and  composition.  2.  Because  being  flat  they  are  less 
likely  to  injure  the  external  coat  of  the  vessel  than  a  small 
round  ligature,  and  for  the  same  reason  the  knot  is  more 
compact  though  not  smaller.  3.  Because  although  tendon 
remains  unabsorbed  for  a  great  length  of  time  it  causes  no 
irritation. 

'  The  method  was  known  in  Germany  as  "  Arterienklausur."  See 
Billroth  s  'Clinical  Surgery,'  New  Sydenham  Society's  Translation,  p.  458. 
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(For  report  of  the  discussion  on  this  paper,  see  '  Proceedings  of 
the  Royal  Medical  and  Ohirurgical  Society,'  Third  Series,  vol.  iii, 
p.  153.) 


